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PROCEEDINGS 


The  Event — The  64th  Annual  Convention  of  the 

Bridge  and  Building  Association 

The  Date— September  14-16,  1964 

The  Place— Conrad  Hilton  Hotel,  Chicago,  111. 

the  first  on  Monday  morning,  September  14, 
and  the  second  on  the  following  morning. 
The  joint  session  on  Monday  was  the  opening 
meeting  of  the  conventions  and  featured  ad- 
dresses by  W.  Arthur  Grotz,  president,  West- 
ern Maryland,  and  J.  J.  Wright,  director  of 
technical  research,  New  York  Central. 

Mr.  Grotz's  talk  was  entitled  "Competition 
—Will  it  Make  or  Break  You?"  Mr.  Wright 
spoke  on  "Research  Leads  by  the  Way." 

The  second  joint  session  included  addresses 
by  A.  L.  Sams,  chief  engineer,  Illinois  Cen- 
tral, who  spoke  on  "Let's  Take  a  Look,"  and 
E.  H.  Hallmann,  Chairman,  Western  Carriers' 
Conference  Committee,  National  Railway 
Labor  Conference,  who  discussed  the  "Meth- 
ods of  Obtaining  the  Maximum  Benefits  from 
the  Settlement  in  the  Work-Rules  Case  in  the 
Use  of  Self-Propelled  Equipment." 

The  concluding  feature  of  the  second  joint 
session  was  an  illustrated  address  by  G.  V. 
Guerin,  chief  engineer,  Great  Northern.  Mr. 
Guerin  described  "What  Record  Floods  Did 
to  the  Great  Northern's  Main  Line  in  Mon- 
tana and  How  It  was  Rebuilt." 


President  E.  R.  Schlaf  presided  over  sepa- 
rate sessions  of  the  B&B  Association. 


The  69th  annual  convention  of  the  Amer- 
ican Railway  Bridge  and  Building  Association 
was  held  on  September  14-16,  1964,  in  the 
Conrad  Hilton  Hotel,  Chicago.  As  in  past 
years,  the  convention  was  held  in  conjunction 
with,  although  separate  from,  the  Roadmas- 
ters'  and  Maintenance  of  Way  Association. 

Total  attendance  at  the  conventions  was 
980,  including  514  railroad  members  of  the 
associations,  154  associate  members  and  312 
guests.  Attendance  at  the  Bridge  and  Build- 
ing convention  totaled  332  railroad  members, 
associate  members  and  guests.  There  was  no 
exhibit  of  work  equipment  held  in  conjunc- 
tion with  the  meetings. 

These  proceedings  give  abstracts  of  four  of 
the  major  addresses  delivered  during  the  joint 
sessions  of  the  conventions  and  the  three 
special  features  of  the  B&B  sessions,  and  the 
reports  of  the  five  B&B  special  subjects  com- 
mittees. In  addition,  the  proceedings  include 
the  directory  of  members,  the  constitution 
and  by-laws  of  the  association,  and  other  per- 
tinent current  and  historical  information. 

Joint  Session 

As  usual  in  a  non-exhibit  year,  two  joint 
sessions   were    held    during    the   conventions, 


B&B  Separate  Sessions 

Separate  sessions  of  the  Bridge  and  Build- 
ing convention  were  held  on  Monday  and 
Tuesday  afternoons  and  Wednesday  morning 
and  were  presided  over  by  President  E.  R. 
Schlaf.  During  these  sessions  the  following 
committee  reports  were  presented: 

Modern  Heating,  Insulating  and  Ventilat- 
ing Methods  for  Railway  Buildings 
Study  of  Most  Economical  Method  of  Re- 
newing  Bents  Without  Disturbance   to 
and   from   Traffic 
Installation    and    Maintenance    of    Tunnel 
Lining    and    Increasing     Clearances     in 
Tunnels 
Latest    Development    in    Fire    Prevention 
Methods  and  Material    for   Bridges   and 
Buildings  and  Timber-Lined  Tunnels 
Inspection    and     Maintenance    of    Timber 

Trestles  for  Increased  Wheel  Loads 
The  Monday  afternoon  separate  session 
featured  an  illustrated  address  on  "Construc- 
tion Methods — Spartanburg  Terminal  Com- 
pany Tunnel"  by  J.  M.  Salmon,  Jr.,  chief 
engineer,  Clinchfield. 

At  the  second  separate  session  of  the  B&B 
convention  Joel  W.  DeValle,  chief  engineer, 
bridges  and  structures,  Southern,  gave  a  talk 
on  "Use  of  Prestressed  Concrete  Components 
in  Timber  Trestle  Maintenance"  that  was 
illustrated  by  a  color  motion  picture. 
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During  the  final  separate  session  of  the 
convention,  held  on  Wednesday  morning, 
G.  M.  Magee,  director  of  engineering  re- 
search, Association  of  American  Railroads, 
presented  an  illustrated  talk  on  "What  Heav- 
ier Wheel  Loads  on  Bridges  Will  Mean  to 
the  Bridge  Man." 

Remarks  by  President  Schlaf 

It  is  well  to  remind  ourselves  of  the  reason 
for  our  existence  as  an  association.  Why  are 
we  gathered  here?  Our  constitution  states 
that  the  object  of  the  association  shall  be  the 
advancement  of  knowledge  pertaining  to  the 
design,  construction  and  maintenance  of  rail- 
way bridges,  buildings,  water  service  facilities 
and  other  structures  by  investigations,  reports 
and  discussions.  Let's  not  overlook  the  dis- 
cussion aspect  at  this  convention.  You  may 
raise  a  question  from  the  floor  concerning  a 
problem  that  has  plagued  others  present. 
Others  may  contribute  their  experiences  with 
attempted  or  successful  solutions.  I  believe 
that  the  key  to  the  long  life  and  success  of 
our  association  is  unthrottled  floor  discussion, 
conducted  in  an  air  of  frankness  and  candor. 
If  you  do  not  agree  with  the  conclusions 
reached  by  the  special  subjects  committees, 
speak  out. 

I  have  outlined  the  aims  of  the  association. 
Are  we  attaining  our  goal?  Some  criteria 
for  determining  this  are:  Whether  or  not 
we  are  maintaining  interest  as  reflected  by 
membership  and  whether  or  not  we  are 
maintaining  the  enthusiasm  of  our  adver- 
tisers. 

While  our  membership  has  dropped 
slightly  in  the  past  year,  it  is  in  line  with 
the  force  reduction  of  railway  supervisory 
personnel  generally.  As  divisions  are  con- 
solidated there  is  usually  a  corresponding 
reduction  in  the  number  of  supervisors  who 
are  eligible  for  membership.  Naturally,  we 
want  to  increase  in  number.  Let  our  motto 
be  "every  member  get  a  member." 

Our  advertisers  remain  enthusiastic  about 
our  publication.  Why  the  enthusiasm?  Be- 
cause an  advertiser  can  put  a  half-page  mes- 
sage before  each  member,  delivered  to  his 
desk,  for  about  five  cents,  which  is  less  than 
he  can  get  it  to  him  by  a  letter.  The  ad- 
vertiser wants  his  name  before  you  when 
you  reach  for  that  requisition  blank.  He  is 
helping  your  association.  You  should  give  his 
product  thoughtful  consideration. 

And  now  let  me  give  you  some  intangible 
benefits  resulting  from  active  participation 
in  association  affairs. 

In  the  many  years  I  have  worked  with  the 
directors  and  officers  of  this  association,  I 
have  found  that  almost  invariably  these  men 
are  promoted  to  positions  of  greater  respon- 
sibility  in  their  companies.  I  do  not  believe 
this  is  merely  a  coincidence.  I  believe  that 
management  recognizes  an  awakening  of  po- 
tential abilitv  and  a  preparation  for  increas- 
ing  responsibility.     Management   wants    men 


who  will  work  as  a  team.  Management  wants 
men  who  think  clearly.  Management  wants 
men  who  keep  abreast  of  the  times  and  who 
want  to  learn  how  they  can  do  the  job  better 
and  more  economically.  I  assure  you  that 
management  prefers  men  who  make  things 
happen  over  those  who  watch  things  hap- 
pen. Active  participation  in  association  work 
will  develop  latent  abilities  within  you  of 
which  you  are  presently  unaware. 

I  urge  you  to  actively  participate  in  asso- 
ciation work.  Volunteer  for  committee  as- 
signment. Some  of  my  most  rewarding  ex- 
periences have  been  derived  from  associa- 
tion work.  The  greatest  rewards  have  been 
the  friendships  I  have  developed  with  rail- 
road men  and  railroad  supply  men  all  over 
the  country.  I  want  to  thank  them  all  for 
the  help  they  have  given  me. 

To  stay  in  business,  railroads  must  find 
a  better  way  of  doing  the  job.  It  is  my  sincere 
hope  and  belief  that  something  you  see  or 
hear  at  this  convention  will  help  you  do 
your    job   better. 

Our  supply  friends  are  here  with  us  and 
they  are  always  looking  for  a  better  way  to 
serve  you.    They  want  your  suggestions. 

Author  Jonathan  Swift  said  almost  IYj 
centuries  ago,  "Whoever  could  make  two 
ears  of  corn,  or  two  blades  of  grass  to  grow 
where  one  grew  before,  would  deserve  bet- 
ter of  mankind,  and  do  more  essential  serv- 
ice to  his  country,  then  the  whole  race  of 
politicians  put  together."  By  the  same  token, 
the  railway  supply  industry  seeks  to  increase 
production  and  decrease  cost.  I  salute  them 
for  their  efforts  and  wish  them  continued 
success.    Please  give  them  your  support. 

Election  of  Officers 

The  following  were  elected  officers  of  the 
association  for  1964-65: 

President — R.  C.  Baker,  assistant  chief  en- 
gineer, Chicago  &  Eastern  Illinois,  Chicago 
Heights,  111.,  who  was  advanced  from  first 
vice  president;  first  vice  president — H.  M. 
Wilson,  supervisor  of  structures,  Pennsyl- 
vania, Chicago,  who  was  promoted  from  third 
vice  president;  second  vice  president — R.  D. 
Hellweg,  assistant  regional  engineer.  Gulf, 
Mobile  &  Ohio,  Bloomington,  111.,  who  had 
been  serving  as  a  director  of  the  association; 
third  vice  president — J.  W.  DeValle,  chief 
engineer,  bridges  and  structures,  Southern. 
Atlanta,  Ga.,  also  a  director.  E.  F.  Snyder, 
assistant  to  chief  engineer,  Illinois  Central, 
Chicago,  and  Mrs.  Ruth  Weggeberg  were 
re-elected  treasurer  and  secretary,  respectively. 

New  directors  of  the  association  elected  for 
three-year  terms  are:  N.  D.  Bryant,  assistant 
bridge  engineer — construction,  St.  Louis-San 
Francisco,  Springfield,  Mo.,  and  A.  R.  Dahl- 
berg,  bridge  and  building  supervisor.  West- 
ern Maryland,  Hagerstown.  Md.  J.  S.  Ellis, 
supervisor  of  bridges  and  buildings  and  wa- 
ter service,  Chesapeake  &  Ohio,  Grand  Rap- 
ids,   Mich.,   was   elected    a   director    for   one 


Resume  of  Convention  9 

year  to  fill  the  unexpired  term  of  Mr.  De-  3.  Prestressed  Concrete  Uses  in  the  Rail- 
Valle.  way  Industry 

4.  Advantages   and   Disadvantages   of   Pre- 
New   Committee   Subjects  fabricated  and  Portable  Buildings 

The    new    subjects    selected    for   study    by  5.  Timber  Trestle  Maintenance,  Procedures 
the  association's  special  committees  are:  an"    equipment 

1.  Training    Bridge    and    Building    Super-  Each  committee  will  report  its  findings  and 

visors  conclusions    at   the    1965    convention,    to    be 

2.  Steel    Railway    Structures — Methods    of       held  on  September  13-15  at  the  Conrad  Hil- 

Protection  from  Corrosion  ton  Hotel,   Chicago. 

TREASURER'S  REPORT 

SEPTEMBER  1,  1963  TO  AUGUST  31,   1964 

Cash  Balance— August  31,  1963    .  .  .' $    647.08 

RECEIPTS: 

Dues— 1965     $1,643.00 

Dues— 1964    '. 2,502.05 

Dues— Prior     175.00  $4,320.05 

Advertising: 

1962  Proceedings    $1,475.00 

1963  Proceedings    2,210.35      3,685.35 

Sales  of  copies  of  Proceedings    21.00 

Membership  Certificates    3-00     8,029-40 

Total  Receipts - $8,676.48 

DISBURSEMENTS: 

Salaries   (Secretary  and  Assistant)    $2,129.40 

Social  Security   70.51 

Stationery  and  Printing 593-93 

Postage 345.00 

Office  Rent,  Telephone,  Electricity 292.57 

1962  Proceedings    1,847.78 

1963  Proceedings    1,909-15 

1963   Convention  Expenses    305-19 

Office  Supplies    47.80 

Embossing  Membership  Plates    29-00 

Miscellaneous     16.07     7,586.40 

Balance,  August  31,  1964 $1,090.08 

Cash  on  hand  First  National  Bank  of  Chicago,  August  31,  1964   $2,782.11 

Outstanding  Check    1,692.03 

$1,090.08 
September  8,  1964 
APPROVED:  E.  F.  SNYDER,  Treasurer 

H.  D.  Curie 

W.  H.  Huffman 

W.  A.  Buckmaster 

REPORT  OF  AUDITING  COMMITTEE 

TO  MEMBERS  OF  THE 

AMERICAN  RAILWAY  BRIDGE  &  BUILDING  ASSOCIATION: 
Gentlemen: 

The  undersigned  have  examined  the  books  of  the  Secretary  and  report  of  the  Treasurer 
for  the  period  from  September  1,  1963,  to  August  31,  1964,  inclusive,  and  have  found  them 
to  be  correct  as  of  the  latter  date. 

Respectfully  submitted, 

H.  D.  Curie,  Chairman 

W.  H.  Huffman 

W.  A.  Buckmaster 
September  8,  1964 
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HONORARY  MEMBERS: 

Total  Honorary  Members,  October  10,  1963    4 

Honorary  Member  since  October  10,  1963    1 

TOTAL  HONORARY  MEMBERS— SEPTEMBER  12,  1964 5 

TOTAL  MEMBERSHIP— ALL  CLASSES— SEPTEMBER  12,  1964.  .    860 
September  12,  1964 — rsw 


REPORT  OF  NECROLOGY  COMMITTEE 

(1963-1964) 

To  the  President  and  Members  of 

AMERICAN  RAILWAY  BRIDGE  &  BUILDING  ASSOCIATION 
We  regret  to  advise  that  we  have  learned  of  the  loss  of  nine  (9)  members  through  death 
during  the  year.  It  is  possible  that  other  members  have  passed  away  during  the  year  of  whom 
we  have  no  information.  If  you  know  of  any,  we  would  like  to  have  their  names  to  include 
in  the  list  to  be  printed  in  the  Annual  Proceedings.  The  following  have  been  reported  since 
our  last  Annual  Meeting  in  October,  1963: 

NAME 
Active  Members: 

E.  F.  Bateman 

F.  E.  Gladwin 
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YEAR 

DATE 

TITLE— RAILROAD 

JOINED 

DECEASED 

Bridge  &  Building  Supervisor 

1958 

July  26,  1964 

Linion  Pacific 

Salt  Lake  City,  Utah 

Bridge  &  Building  Supervisor 

1950 

September  5, 

Northwestern  Pacific 

San  Rafael,  Calif. 

Report  of  Resolutions  Committee 
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NAME 

Life  Members: 

M.  D.  Carothers  (Ret.) 

G.  W.  Hand  (Ret.) 

E.  L.  Mead  (Ret.) 

A.  N.  Reece  (Ret.) 

W.  G.  Swartz  (Ret.) 

W.  E.  White  (Ret.) 

C.  W.  Wright  (Ret.) 


TITLE— RAILROAD 


Chief  Engineer 
Gulf,  Mobile  &  Ohio 
Leawood,  Kan. 
Assistant  to  President 
Chicago  &  North  Western 
Park  Ridge,  111. 
Division  Engineer 
Chicago  &  North  Western 
Miami,  Fla. 
Assistant  to  President 
Kansas  City  Southern 
Kansas  City,  Mo. 
Engineer  Accountant 
Canadian  National 
Montreal,  Que. 
General  Foreman 
Atchison,  Topeka  &  Santa  Fe 
Chanute,  Kan. 
Master  Carpenter 
Long  Island 
Malverne,  New  York 


YEAR  DATE 

JOINED  DECEASED 

1938  March  3,  1964 

1909  January  13,  1964 

1923  November  2,  1963 

1922  January  8,  1963 

1917  1963 

1920  1963 

1908  November  22, 1963 


We  deeply  regret  the  passing  of  these,  our  fellow  members. 

May  we  stand  a  moment  in  silence  to  honor  these  departed  members. 

Respectfully  submitted, 
E.  R.  Simmons,  Chairman 
September  12,  1964 — rsw 


REPORT  OF  RESOLUTIONS  COMMITTEE 


As  we  near  the  close  of  this  Convention 
marking  the  end  of  the  73rd  year  of  the 
American  Railway  Bridge  &  Building  Asso- 
ciation, it  is  fitting  and  proper  that  we 
recognize  the  special  efforts  of  those  whose 
time  and  contributions  have  made  our  73rd 
year  and  this  our  69th  Convention  an  out- 
standing success.  To  recognize  and  acknowl- 
edge these  special  contributions  we  propose 
the   following  resolutions: 

BE  IT  RESOLVED  that  the  sincere  thanks 
of  the  Association  be  extended  first  to  Dr. 
Kenneth  Hildebrand,  Pastor  of  the  Central 
Church  of  Chicago,  who  invoked  divine 
blessings  and  guidance  upon  the  activities  of 
our  combined  associations. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  Mr.  Arthur  W.  Grotz, 
President,  Western  Maryland  Railroad;  Mr. 
J.  J.  Wright,  Director  of  Technical  Research, 
New  York  Central;  Mr.  Allen  L.  Sams,  Chief 
Engineer,  Illinois  Central  Railroad;  Mr.  E.  H. 
Hallman,  Chairman,  Western  Carriers  Con- 
ference Committee,  National  Railway  Labor 
Conference;  Mr.  J.  F.  Griffin,  Administrative 
Assistant,  National  Railway  Labor  Confer- 
ence; and  Mr.  G.  V.  Guerin,  Chief  Engineer, 
Great  Northern  Railway  for  their  informa- 
tive, enlightening  and  inspiring  remarks  in 
addressing  the  joint  sessions. 


BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  Mr.  J.  M.  Salmon,  Jr., 
Chief  Engineer,  Clinchfield  Railroad;  Mr. 
Joel  W.  DeValle,  Chief  Engineer  Bridges 
and  Structures,  Southern  Railway;  and  Mr. 
G.  M.  Magee,  Director  Engineering  Research, 
Association  of  American  Railroads,  for  their 
informative  special  subject  presentations. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  our  Asso- 
ciation be  extended  to  the  Association  of 
Track  &  Structure  Suppliers  for  its  valuable 
support  throughout  the  year  and  for  the 
banquet  and  entertainment  which  is  one  of 
the  highlights  of  the  convention. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  the  Management  and 
Staff  of  the  Conrad  Hilton  Hotel  for  their 
accommodating  hospitality  which  contributed 
so  much  to  the  success  of  this  convention. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  the  Simmons-Board- 
man  Publishing  Corp.  and  its  representatives 
for  the  excellent  news  coverage  of  Association 
activities   and   the  convention. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  Mr.  T.  F.  Burris,  Presi- 
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dent,  American  Railway  Engineering  Associa- 
tion and  Mr.  A.  L.  Fridley  and  Mr.  J.  L. 
Beven  of  the  Association  of  Track  &  Struc- 
ture Suppliers  who  honored  us  with  their 
presence  and  extended  us  greetings  from  their 
Associations. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  the  following  ladies 
who  assisted  at  the  registration  desk:  Mrs. 
Lillian  Dick  and  Miss  Pat  Pietruszka  of  the 
Simmons-Boardman  Publishing  Corp.;  Misses 
Barbara  Daly,  Pennsylvania  Railroad;  Judy 
McGarvey,  Chicago  &  North  Western;  Mar- 
ilyn Mawhinnie,  Illinois  Central  Railroad; 
and  Sandra  Fuller,  American  Railway  Engi- 
neering Association. 

BE  IT  FURTHER  RESOLVED  that  the 
sincere  thanks  and  appreciation  of  the  Asso- 
ciation be  extended  to  Mrs.  E.  R.  Schlaf  and 
her  committee  who  handled  the  ladies  regis- 
tration and  reception. 


AND,  BE  IT  FURTHER  RESOLVED  that 
the  sincere  thanks  and  appreciation  of  the 
Association  be  extended  to  all  committee 
chairmen  and  committee  members  who  pre- 
pared and  presented  the  interesting  and  in- 
formative reports;  to  the  members  of  the 
Executive  Committee,  and  finally  to  our  re- 
tiring president  Mr.  E.  R.  Schlaf  who  has 
so  ably  and  efficiently  guided  and  directed 
the  affairs  of  the  Association  during  the  past 
year. 

We  recommend  that  these  resolutions  be 
made  a  part  of  the  Minutes  of  this  Conven- 
tion and  be  included  in  the  Annual  Proceed- 
ings, and  that  copies  of  these  resolutions  be 
presented  to  the  parties  concerned. 

Respectfully  submitted, 
J.  A.  Goforth,  Chairman 
F.  W.  Hutcheson 
H.  M.  Wilson 


SPECIAL  FEATURES  OF  B&B  SESSIONS 


Three  illustrated  talks  of  especial  interest 
to  bridge  and  building  men  were  presented 
during  the  separate  sessions  of  the  B&B 
Association,  one  each  day,  to  supplement  the 
reports  of  the  five  Special  Subjects  Com- 
mittees. 

On  Monday  afternoon,  the  first  day  of 
the  convention,  J.  M.  Salmon,  Jr.,  chief  engi- 
neer, Clinchfield,  gave  an  address  on  "Con- 
struction Methods  —  Spartanburg  Terminal 
Company  Tunnel,"  which  was  illustrated 
with  slides. 

The  following  afternoon  Joel  W.  DeValle, 


chief  engineer,  bridges  and  structures,  South- 
ern, talked  on  the  "Use  of  Prestressed  Com- 
ponents in  Timber  Trestle  Maintenance"  and 
presented  a  color  motion  picture  to  illustrate 
his  address. 

On  Wednesday  Morning,  the  last  day  of 
the  convention,  G.  M.  Magee,  director  of 
engineering  research,  Association  of  Amer- 
ican Railroads,  gave  an  address  entitled 
"What  Heavier  Wheel  Loads  on  Bridges 
Will  Mean  to  the  Bridge  Man."  Mr.  Magee's 
talk  was  illustrated  with  slides. 

Here  are  excerpts  from  each  address: 


Construction  Methods — Spartanburg 
Terminal  Company  Tunnel 


The  Clinchfield  is  known  for  many  engi- 
neering feats,  and  to  this  list  will  probably 
be  added  the  new  cross-town  tunnel  recently 
constructed  for  the  Spartanburg  Terminal  Co. 
at  Spartanburg  S.  C,  which  was  opened  to 
traffic  on  June  27,  1963.  This  tunnel  was 
not  planned  of  recent  years.  It  goes  back  to 
the  very  beginning  of  the  South  &  Western 
Railway  and  Charleston,  Cincinnati  &  Chi- 
cago Railroad,  two  of  the  forerunner  corpo- 
rations to  the  Clinchfield,  at  which  time  the 
necessary  property,  except  for  the  crossing 
under  the  Southern  Railway,  was  purchased. 

Rail  service  at  Spartanburg  consists  of  four 
railroads.  The  Southern  to  the  north  and 
east  from  Washington,  D.  C,  and  Columbia, 
S.  C,  and  to  Asheville,  N.  C,  and  Atlanta, 
Ga.,  to  the  west  and  south.  The  Atlantic 
Coast  Line  south  to  Augusta,  Ga.,  the  Pied- 
mont &  Northern  south  and  west  to  Green- 
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wood,  S.  C,  and  the  Clinchfield  north  to 
Elkhorn  City,  Ky. 

The  Clinchfield  was  projected  to  pass 
through  Spartanburg  on  its  way  to  Charleston 
and  the  sea  coast.  Many  and  varied  routes 
were  surveyed.  The  first  Clinchfield  location 
projected  into  and  through  Spartanburg  was 
the  location  adopted  for  the  terminal  com- 
pany's line.  It  was  projected  by  a  tunnel 
under  North  Church  Street  and  the  Southern. 
However,  this  early  planning  was  not  to 
accomplish  what  is  being  accomplished  today. 
After  the  Clinchfield  was  formed  in  1924 
by  the  ACL  and  L&N,  the  tunnel  project 
then  became  a  means  of  connecting  the 
Clinchfield,  Atlantic  Coast  Line  and  Pied- 
mont &  Northern.  In  1927  it  was  again 
activated,  this  time  by  the  ACL  and  in  1930 
authority  was  granted  by  the  Interstate  Com- 
merce Commission,  under  Finance  Docket 
8471  to  construct  the  connection.  The  De- 
pression of  the  1930's  resulted  in  this  con- 
struction  not   being   accomplished. 

The  advent  of  World  War  II  brought  de- 
lay in  the  plans  for  constructing  the  tunnel. 
The  matter  was  again  progressed  in  1951 
and  in  1958  the  family  lines  under  the  cor- 
porate structure  of  the  Spartanburg  Terminal 
Co.  were  again  authorized  by  the  ICC  to 
construct  the  tunnel  at  the  exact  location  as 
was  originally  authorized  in  1930.  The  P&N 
was  authorized  to  operate  thru  the  tunnel 
under  trackage  rights. 

Authority  from  the  South  Carolina  Public 
Service  Commission  was  granted  in  1962  and 
work  actually  began  in  April  of  that  year. 

It  might  be  of  interest  to  note  that  the 
project  authorized  in  1930  was  estimated 
to  cost  $400,000,  while  the  project  as  con- 
structed and  completed  in  1963  actually  cost 
S2,600,000. 

The  finished  tunnel  project  is  a  horseshoe 
barrel  with  concrete  floor,  800  ft  in  length, 
not  greatlv  different  from  hundreds  of  other 
tunnels.  However,  it  presented  some  rather 
unusual  design  and  construction  problems. 

Normally  with  the  shallow  cover,  which 
under  the  tracks  of  the  Southern  was  only 
10  ft,  such  construction  would  be  performed 
by  what  is  commonly  called  cut  and  cover, 
or  open  trench.  However,  the  Southern  re- 
quired free  and  uninterrupted  flow  of  traffic 
over  all  their  tracks.  This  then  required  a 
bored  tunnel.  Because  of  the  greater  depth 
of  tunnel  under  North  Church  Street,  this 
section  was  also  bored. 

As  a  result  of  these  requirements,  the  tun- 
nel was  constructed  both  by  excavating  a 
trench  between  driven  steel  sheet  piling  and 
by  boring.  Beginning  at  the  north  portal, 
which  is  just  north  of  North  Church  Street, 
the  first  50  ft,  which  included  the  north 
portal  and  its  wing  walls,  was  constructed  in 
open  excavation;  the  next  124  ft,  that  por- 
tion under  North  Church  Street,  was  bored; 
the  next  102  ft  was  open  trench;  the  next 
224  ft   which   was   under    the   Southern   was 


bored;  and  the  remaining  300  ft  including 
the  portion  under  Magnolia  Street,  was  in 
open    trench. 

Drainage  in  the  vicinity  of  the  construc- 
tion normally  flows  north  and  east  and  pre- 
sented no  problem  the  way  the  tunnel  was 
originally  designed.  The  original  design  pro- 
posed that  the  tunnel  roof  be  5  ft  below 
the  Southern's  tracks.  This  was  not  accept- 
able to  the  Southern,  and  as  a  result  the  tun- 
nel was  designed  and  constructed  with  a 
10-ft  minimum  cover  under  the  Southern. 
This  increased  the  track  grades  to  slightly 
over  1.7  per  cent  in  each  direction  through 
the  tunnel  and  lowered  the  lowest  point  to 
where  the  drainage  had  to  be  reversed  and 
taken  to  the  area  under  the  P&N.  This  re- 
quired an  extensive  drainage  system  with 
out  fall  under  the  floor  of  the  tunnel,  and 
a  system  of  catch  basins,  gutters,  etc.,  to  col- 
lect the  water  and  direct  it  to  the  drainage 
system.  It  also  required  damming  off  the 
rainfall  in  the  long  north  approach  cut, 
collecting  it  and  reversing  its  flow  north- 
ward underground  to  the  normal  storm- 
sewer  intake. 

Soil  conditions  encountered  were  typical 
of  the  area.  The  geological  formation  is 
known  as  the  Piedmont  soil.  This  formation 
is  typical  of  a  wide  area  extending  basically 
from  Washington,  D.  C,  to  Atlanta,  Ga., 
and  lying  on  the  southeasterly  slope  of  the 
Appalachian  range.  Other  than  the  top  layer 
of  soil  which  is  principally  decomposed  veg- 
etable matter  from  trees,  etc.,  the  remainder 
is  either  decomposed   rock   or  rock. 

In  the  tunnel  construction  the  following 
soils  were  encountered: 

First  10  ft — red  micaceous  silty  sand 
Next  10  to  20  ft — tan  micaceous  fine- 
grained silty  sand. 
Next    20    ft — red    to    brown    medium- 
grained    micaceous    silty    sand    below 
these  strata  was  encountered  at  vary- 
ing depths  a  decomposed  fine-grained 
schist    which    required    drilling    and 
blasting  to  excavate. 
Under  North   Church   Street  was   a  de- 
posit between  the  tan  micaceous  fine- 
grained   silty    sand    and    the    red    to 
brown      medium-grained      micaceous 
silty    sand    of    light    grey,    medium- 
grained  micaceous  silty  sand. 
The  soil  is  porous  and  ground  water  was 
encountered  at  all  the  formations,  except  the 
decomposed  schist.    Due  to  dewatering,  par- 
ticular  attention   was  paid    to   surface   settle- 
ment   in    the    construction    area.     To    avoid 
building  damage,  grout  was  injected  into  the 
foundation  area  of  the  drug  store  which  was 
immediately  adjacent  to  the  open  trench  ex- 
cavation. 

The  bored  portion  of  the  tunnel  was  per- 
formed using  liner  plates  and  rolled  wide- 
flange-section  ring  beams.  The  liner  plates 
were  cold  formed  of  i^-in  plate  under  North 
Church  Street  and  5/16-in  under  the  South- 
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ern.  Ring  beams  were  8-in  wide  flange  sec- 
tions weighing  35-lpf  spaced  on  48-in  cen- 
ters under  North  Church  Street  and  on  32- 
in  centers  under  the  Southern. 

The  construction  was  carried  out  continu- 
ously around  the  clock  and  progressed  by 
what  is  commonly  called  the  three-bench 
method.  The  crown  or  top  bench  was  prog- 
ressed beginning  at  the  center  line  by  dig- 
ging by  hand  and  placing  liner  plate.  Each 
successive  plate  to  form  one  ring  was  placed 
and  bolted  and  then  a  ring  beam  was  erected. 
Pressure  grouting  was  performed  between  the 
excavation  line  and  the  liner  plates  to  dis- 
tribute soil  pressure  and  avoid  settlement. 
To  further  avoid  possibility  of  settlement 
under  the  Southern,  poling  plates  were  jacked 
ahead  of  the  excavation  for  erection  of  the 
liner  plates.  These  plates  supported  the  roof 
excavation  by  having  their  leading  ends  in- 
serted into  the  soil  and  their  trailing  ends 
resting  on  the  last  liner  plate.  Grout  was 
injected  above  the  poling  plates. 

After  the  top  or  first  bench  was  progressed 
entirely  under  the  Southern,  a  needle  beam 
was  supported  on  cross  wide-flange  beams 
welded  to  the  longitudinal  wide-flange  beams 
which  in  turn  were  welded  to  the  ring  beams. 
The  ring  beams  at  the  crown  were  then 
strutted  to  the  top  of  needle  beam.  At  the 
entrance,  the  crown  was  carried  by  cantilever 
of  the  needle  beam  as  the  second  or  middle 
bench  was  excavated.  As  liner  plates  were 
completed  a  ring  beam  was  bolted  to  the 
suspended  ring  beam  and  caught  off  at  the 
second  bench. 

When  the  second  bench  had  progressed 
some  25  ft  the  third  bench  was  started.   The 


first  and  second  sections  of  the  ring  beam 
were  carried  on  the  needle  beam  by  struts 
until  the  third  section  of  ring  beam  could 
be  placed  and  caught  off.  Due  to  the  tun- 
nel's finished  floor  details,  this  bottom  ring 
beam,  which  completed  the  entire  horseshoe, 
was  supported  on  concrete,  using  high-early- 
strength   cement  and  anchor   bolts. 

This  entire  steel  shell  had  the  structural 
strength  to  form  the  tunnel  and  support  the 
overburden  and  live  load.  Because  of  elec- 
trolysis, rust  and  possible  damage  from  a 
derailment,  a  reinforced-concrete  lining,  in 
itself  capable  of  complete  support,  was  poured 
inside  the  ring  beams  and   liner  plates. 

The  design  used  for  liner  plates  and  ring 
beams  will  not  be  found  in  college  text 
books.  It  has  been  developed  through  theory 
and  experience  over  the  years  by  R.  V.  Procter 
and  T.  L.  White  of  the  Commercial  Shearing 
&  Stamping  Co.  of  Youngstown,  Ohio.  This 
theory,  printed  in  1946,  entitled  "Rock  Tun- 
neling with  Steel  Supports"  was  adapted  to 
the  soil  conditions  encountered   on  this  job. 

To  further  provide  economy  in  construc- 
tion, the  liner  plates  and  wide-flange  ring 
beams  were  cold  worked  to  their  final  shape. 
This  resulted  in  increasing  the  ultimate  limit 
of  the  ordinary  structural-grade  rolled  steel 
from  60,000  to  72,000  psi  and  practically 
eliminates  the  yield  point.  In  the  design, 
maximum  working  stresses  of  24,000  psi 
were  permitted. 

Live  loads  and  their  distribution  are  typi- 
cal for  this  type  of  structure.  Live  load  used 
was  Coopers  E72,  which  is  72  kip  axles  on 
5  ft  centers  Dead  load  was  assumed  to  be 
120  pcf,  which  was  average  soil  weight. 


Use  of  Prestressed  Concrete  Components 
In  Timber  Trestle  Maintenance 


The  use  of  plain  and  creosoted  timber 
material  in  trestles  is  a  practice  which  has 
been  long  established  on  American  railroads. 

On  the  Southern,  we  have  many  miles  of 
structures  with  these  components,  with  which 
we  work  daily.  Their  merits  and  faults  are 
fairly  well  understood  and  appreciated.  The 
faults  are  as  follows: 

( 1 )  Wood  is  always  subject  to  fire  hazard. 

(2)  Wood  is  relatively  soft  in  cross  grain 
bearing,  and  must  be  protected  to  minimize 
crushing  and  abrasion. 

( 3 )  Decay  often  results  in  spite  of  care- 
ful treatment.  In  fact,  many  times  decay 
may  begin  before  treatment  and  continue 
after. 

(4)  Some  species  are  subject  to  seasoning 
checks  and  splits,  frequently  beyond  the  depth 
of  treatment,  thus  providing  ready  entry  for 
decay  organisms. 

( 5 )  The  quality  of  present-day  structural 
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lumber  is  not  as  high  as  in  the  past,  when 
we  had  large  stands  of  virgin  long-leaf  yel- 
low pine  available  in  plentiful  supply  on  our 
territory. 

There  are  other  faults  which  I  am  sure 
occur  to  you,  but  we  should  not  lose  sight  of 
some  of  the  merits  of  timber,  which  are  as 
follows: 

( 1 )  Lumber  is  fairly  easy  to  obtain. 

( 2 )  If  properly  graded,  seasoned  and 
treated,  decay  can  be  postponed  for  a  long 
time. 

(  3 )  Many  of  our  people  are  familiar  with 
framing  procedures,  and  are  fairly  well  quali- 
fied to  work  such  material. 

(4)  Lumber  is  generally  lighter  and  easier 
to  handle  than  other  construction  materials. 

( 5 )  Mistakes  in  fabrication  of  lumber 
components  can  generally  be  corrected  easily 
on  the  job. 

( 6 )  Timber  is  generally  more  flexible  and 
can  deflect  without  a  serious  risk  of  fracture. 

If  we  balance  the  merits  and  faults,  it  is 
plain  that  neither  so  generally  overwhelms 
the  other  as  to  prohibit  the  future  use  of 
lumber,  or  to  eliminate  the  possibility  of  us- 
ing other  types  of  materials.  However,  the 
generally  rising  cost  of  creosoted  timber  and 
the  necessity  for  frequent  replacement,  when 
weighed  against  the  practical,  assembly  line 
production  of  other  materials,  has  led  us  on 
Southern  to  look  for  a  substitute  material. 
We  have  not  been  prejudiced  in  our  search, 
but  have  so  far  limited  our  consideration  to 
concrete  and  steel,  since  such  are  more 
readily  available  at  a  generally  lower  cost. 

Three  different  components  of  timber  tres- 
tles seem  to  us  to  be  fit  subjects  for  investi- 
gation relative  to  the  use  of  alternate  types 
of  materials  in  repairs. 

The  first  of  these  components  is  the  famil- 
iar blocking  used  as  a  foundation  for  tim- 
ber trestle  bents.  As  all  of  you  bridge  men 
here  today  know  from  experience,  timber 
blocking  is  subject  to  deterioration  from 
many  sources,  such  as  moisture  which  softens 
the  fibers  and  promotes  growth  of  decay, 
termite  action,  fire  loss,  crushing  from  the 
superimposed  loadings  and  others.  Blocking 
is  expensive  to  replace  and  should  be  elim- 
inated,  wherever   practical. 

The  second  of  the  three  components  con- 
sidered was  the  timber  cap.  The  bearing  of 
the  pile  heads  against  the  underside  of  the 
cap  limits,  in  many  cases,  the  load  which 
can  safely  be  supported  bv  the  bent,  because 
of  the  crushing  of  the  grain  of  the  cap.  It 
can  easily  be  seen  that  the  cap  is  the  weak- 
est part  of  the  bent,  and  any  improvement  at 
this  point  may  substantially  reduce  the  cost 
of  future  maintenance. 

The  third  component  we  thought  suscep- 
tible to  replacement  was  the  open-deck  tres- 
tle tie.  As  you  know,  an  open-deck  trestle 
tie  has  only  three  functions,  namely :  ( 1 ) 
Act  as  a  gauge  rod  to  hold  the  rail  in  align- 
ment;    (2)     provide    a    smooth     supporting 


surface  for  the  rails;  and  (3)  distribute  the 
rail  load  to  the  supporting  stringers.  The 
timber  tie  has  some  defects  which  should  be 
eliminated,  such  as  a  tendency  toward  soft- 
ness under  the  tie  plate,  surface  checking 
and   splitting,  and   high   cost  of   installation. 

In  our  consideration  of  a  substitute  mate- 
rial for  timber  blocking,  concrete  was  a  nat- 
ural. It  answered  all  our  objections  to  tim- 
ber, and  seemed  to  offer  no  faults  of  its 
own.  We  have  test  installations  of  precast 
concrete  blocking  that  have  been  in  place 
for  more  than  five  years,  and  our  only  regret 
is  that  we  do  not  have  more. 

We  were  not  so  easily  convinced  in  our 
search  for  a  substitute  for  the  timber  cap. 
We  had  to  balance  size,  weight,  cost  and 
future  maintenance  expense  between  con- 
crete and  steel.  We  quickly  found  that  ini- 
tial cost  variations  were  small,  and  despite 
the  heavier  unit  weight  of  concrete  we  de- 
cided to  test  it  first  because  of  expected  lower 
cost  of  future  maintenance.  I  believe,  how- 
ever, beyond  the  maintenance  angle  that 
there  is  little  else  to  consider  when  choosing 
between  steel  and  concrete. 

It  is  not  as  practical  to  use  steel  ties  as  a 
substitute  for  timber,  as  it  is  to  use  steel 
caps  as  a  replacement  for  timber  caps,  be- 
cause of  the  difficulty  and  expense  involved 
in  insulating  the  signal  circuit.  Concrete 
trestle  ties  appear  much  more  suitable. 

I  know  that  many  of  you  are  primarily 
interested  in  cost,  as  indeed,  we  on  Southern 
are.  We  realized,  however,  that  the  break 
must  be  made  with  old  habits  and  beliefs, 
and  therefore  the  sooner  we  started,  the  bet- 
ter. Comparative  costs  of  the  concrete  com- 
ponents we  decided  to  use  were  higher  be- 
cause of  the  necessity  to  write  off  form  costs, 
etc.  A  timber  cap  for  a  five-pile  bent  cost  us 
about  $53  while  the  prestressed  concrete  cap 
for  the  same  bent  was  $82.  An  8-in  by  8-in 
by  10-ft  creosoted  oak  trestle  tie,  dowelled, 
cost  us  about  $11  each,  while  the  prestressed 
concrete  ties  were  $19-88  each. 

Future  concrete  costs  will  be  considerably 
reduced,  because  of  lower  form  costs  and 
improved  design.  I  look  forward  to  a  future 
concrete  trestle  cap  and  tie  which  will  be 
as  cheap  as  timber,  when  installed. 

We  have  purchased  and  tested  the  first 
precast,  prestressed  concrete  ties  ever  to  be 
installed  on  open-deck  trestles  so  far  as  we 
know.  These  ties  were  divided  into  two 
groups  for  testing  under  different  conditions. 
One  hundred  were  placed  on  an  open-deck 
trestle  which  carries  a  large  percentage  of 
100-ton  coal  cars  in  a  climate  which  ranges 
from  very  cold  to  moderately  hot.  Another 
test  involving  100  of  these  ties  has  been 
made  on  our  Lake  Pontchartrain  trestle, 
where  the  climate  is  extremely  hot,  under 
welded  rail  in  signal  territory.  These  last 
ties  were  sub-divided  into  two  groups  of 
50  ties  each  in  order  to  attain  the  effect  of 
two  additional  firebreaks. 
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The  concrete  ties  which  we  have  used  are 
8-in  wide,  7% -in  deep,  and  10-ft  long.  The 
depth  was  chosen  in  order  to  match  existing 
tie  sizes,  so  that  the  concrete  ties  would  be 
interchangeable  with  existing  ties.  The  rein- 
forcing in  these  ties  consists  of  four  wire 
cables,  %-in  in  diameter,  with  ^-in  diam- 
eter hoop  bars  spaced  at  intervals  to  prevent 
bursting  or  splitting  of  the  ties.  Stainless- 
steel  threaded  inserts  are  cast  in  the  top 
surface  of  these  ties  to  receive  bolts  which 
fasten  the  tie  plates  and  the  guard  timbers 
in  place.  Holes  are  cast  vertically  through 
the  ties  to  take  drift  bolts  to  fasten  the  deck 
to  the  stringers.    These  are  %-in  in  diameter. 

The  rail  is  attached  to  the  concrete  ties 
by  bolts  which  secure  the  tie  plates,  and  by 
spike  heads   which   are   shop  welded   to   the 


tie  plates  on  alternate  sides  of  the  rail.  A 
new  type  of  tie  pad,  made  of  hard  plastic, 
was  used  under  the  tie  plate  to  provide  sig- 
nal insulation,  and  to  prevent  the  steel  tie 
plate  from  damaging  the  concrete.  Cost  of 
this  pad  was  only  37  cents  compared  to  54 
cents  for  the  usual  self-sealing  pad  used  on 
timber  ties.  The  life  of  the  plastic  pad  is 
expected  to  equal  the  life  of  the  concrete  tie, 
whereas  the  life  of  the  more  expensive  pad 
used  on  timber  ties  ranges  from  only  2  to 
15  years. 

Creosoted  timber  guards  were  used  to  space 
the  concrete  ties  in  the  usual  manner,  because 
of  economy  and  ease  of  handling.  As  you 
know,  we  are  able  to  get  almost  complete 
penetration  of  creosote  in  this  size  member, 
which  will  result  in  long  protection. 


What  Heavier  Wheel  Loads  on  Bridges 
Mean  to  the  Bridge  Man 


In  1940,  our  (AAR)  Research  Center 
started  extensive  investigations  to  determine 
the  impact  effects  in  bridges.  These  investi- 
gations were  started  because  of  the  operation 
of  high-speed  steam  locomotives  with  large 
overbalances  in  the  drivers,  the  high-speed 
diesel  locomotives  and  the  development  of 
electric  strain  gages  which  made  possible  the 
accurate  measurement  of  stresses  at  high 
speeds.  Previous  strain  gages  were  of  the 
mechanical  type  and  subject  to  vibrations  re- 
sulting in  possible  instrumental  errors,  but 
the  electric  gages  are  free  from  these  errors. 

A  review  of  all  previous  investigations 
was  made  and  a  decision  reached  to  secure 
a  large  number  of  readings  on  each  of  many 
different  types  and  lengths  of  bridges  under 
both  steam  and  diesel  locomotives  at  speeds 
varying  from  5  mph  to  the  maximum  per- 
mitted. The  stresses  determined  with  the  loco- 
motives operating  at  5  mph  were  considered 
the  same  as  would  be  recorded  with  the  loco- 
motive standing  on  the  bridge.  Hence,  all 
impact  values  were  taken  as  a  percentage  of 
those  stresses  recorded  at  5  mph. 

Considerable  variation  was  found  in  the 
impact  effects  for  the  various  spans,  even 
for  spans  of  the  same  length  and  under  the 
same   locomotives. 

In  this  investigation  of  steel  bridges,  sev- 
eral thousand  stresses  have  been  recorded 
and  the  American  Railway  Engineering  As- 
sociation will  make  recommendations  for  im- 
pact factors  within  the  near  future.  These 
recommendations  will  include  factors  for 
both  steam  and  diesel  locomotives  operating 
over  either  open  or  ballasted-deck  bridges 
for  all  types  of  beam  or  girder  spans.  In 
general,  the  impact  percentages  will  be  re- 
duced from  those  previously  used.  For  ex- 
ample, our  research  has  shown  that  a  loco- 
motive or  heavy  car  will  not  "bounce"  in 
a  vertical   direction   and   roll   about   a   longi- 
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tudinal  axis  at  the  same  time.  The  previous 
impact  factors  considered  that  this  action 
could  occur  simultaneously. 

It  is  obvious  from  the  various  design  loads 
and  impacts  used  during  the  years  that  each 
railroad  will  have  bridges  of  different  carry- 
ing capacities.  For  example,  a  large  number 
of  our  bridges  were  constructed  from  1900 
to  1910  during  the  rapid  expansion  of  the 
railroads.  During  this  period  some  of  the 
bridges  were  designed  for  Coopers  E44  while 
others  were  designed  for  E50,  and  to  make 
the  situation  more  confusing,  very  few  of 
the  locomotives  in  operation  looked  like  the 
design  locomotives. 

What  did  the  bridge  engineers  do  about 
this  confusing  situation?  They  realized  that 
the  bridges  could  not  be  replaced  or  rein- 
forced every  time  the  design  loads  were 
changed.     Consequently,    they    established    a 


Heavier  Wheel  Loads 


17 


method  of  rating  each  bridge  in  terms  of 
Coopers  loading.  In  general,  this  method 
consists  of: 

( 1 )  Determine  the  carrying  capacity  of 
the  bridge. 

( 2 )  Determine  the  live-load  and  impact 
carrying  capacity. 

( 3 )  Determine  the  live-load  capacity. 

(4)  Determine  the  bending  moment  pro- 
duced by  Coopers  El  loading. 

(  5 )    Determine  the   rating. 

The  ratings  of  the  bridges  have  now  been 
explained  but  what  about  the  locomotives? 
As  previously  stated,  very  few  of  the  loco- 
motives in  operation  look  like  a  Coopers 
locomotive.  However,  bridges  are  not  af- 
fected by  the  appearance  of  the  locomotives 
but  by  the  stresses  produced  by  their  axle 
loads.  To  solve  this  situation,  bridge  engi- 
neers established  the  system  of  Coopers  equiv- 
alents for  all  loads  passing  over  the  bridges. 

The  Coopers  equivalent  in  bending  for  any 
particualr  system  of  axle  loads  and  spacings 
is  determined   as  follows: 

(  1 )  Calculate  the  bending  moment  pro- 
duced by  the  particular  system   of  axles. 

( 2 )  Determine  the  bending  moment  by 
Coopers   El    loading. 

( 3 )  Calculate  the  Coopers  equivalent  of 
the  diesel  locomotives  by  dividing  the  bend- 
ing moment  produced  by  the  particular  loco- 
motive. 

The  bridge  departments  of  most  of  the 
railroads  have  computed  the  rating  of  all 
their  bridges  and  the  Coopers  equivalents  of 
all  their  locomotives. 

What  does  the  bridge  engineer  do  when 
the  Coopers  equivalent  of  a  particular  loco- 
motive exceeds  the  rating  of  the  bridge?  The 
first  step  is  to  reduce  the  speed  of  the  loco- 
motive over  the  bridge.  The  result  of  this 
action  (in  addition  to  receiving  a  telephone 
call  from  the  operating  department)  is  to 
reduce  the  impact  in  the  bridge  and  thus 
increase  the  live-load  bending-moment  ca- 
pacity. If  this  action  is  not  sufficient  to 
safely  carry  the  particular  locomotive  then 
the  bridge  must  be  reinforced  or  replaced 
with  heavier-designed  steel.  The  same  must 
be  done  if  the  speed  reduction  cannot  be 
tolerated  on  a  permanent  basis. 

Within  the  past  few  years,  there  has  been 
a  gradual  increase  in  the  weights  of  the 
loaded  railroad  box  cars,  hopper  cars,  tank 
cars,  flat  cars  and  other  special  cars  to  carry 
unusual  loads.  Our  Research  Center  prepared 
an  electronic  computer  program  to  calculate 
the  Coopers  equivalents  of  most  of  these 
cars.  Tables  showing  the  Coopers  equiva- 
lents for  these  cars  have  been  distributed  to 
member  roads.  Some  of  these  special  cars 
have  axle  loads  as  large  as  75,000  lb,  spaced 
at  4-ft  6-in  centers.  The  Coopers  equivalents 
for  such  cars  are  as  large  as  E93  for  40  to 
45-ft  spans. 

The  increased  carrying  capacity  of  a  bridge 
obtained  by  using  higher  unit  stresses  in  the 


steel  depends  entirely  upon  the  proper  in- 
spection and  maintenance  of  the  structure. 
Each  inspector  should  realize  that  the  bridge 
under  inspection  is  undoubtedly  subjected  to 
occasional  stresses  larger  than  the  original 
design  stresses  and  the  proper  functioning  of 
the  bridges  depends  upon  every  detail  and 
main  material  working  as  a  unit.  The  same 
precautions  apply  to  timber  and  concrete 
bridges,  as  well  as  steel  bridges. 

As  you  know  many  of  our  steel  bridges 
were  built  over  60  years  ago  and  experience 
has  shown  that  any  failure  can  be  expected 
to  occur  at  the  following  critical  points: 

( 1 )  Floorbeam  hangers.  Any  failure  in 
such  members  usually  occur  at  the  top  of  the 
member  on  a  section  through  the  lower  line 
of  rivets.  A  small  crack  will  start  at  the 
edge  of  the  hole  under  the  rivet  head  and 
progress  toward  the  outside  edge  of  the 
member.  In  pin-connected  members,  the 
crack  will  usually  start  where  the  outstanding 
legs  of  the  channel  have  been  removed  in 
order  to  secure  clearance  for  the  member. 

(2)  Stringers  and  floorbeam  connection 
angles.  The  rivets  in  the  upper  part  of  such 
connections  tend  to  become  loose  and  in 
many  cases  the  rivet  heads  pop  off.  Any 
cracks  are  usually  found  in  the  fillets  of  the 
angles. 

(3)  Loose  l-bars.  Each  I-bar  of  a  member 
is  designed  to  carry  equal  loading  but  if  one 
bar  is  loose  the  other  bar  or  bars  may  be 
overstressed.  The  amount  of  load  carried  by 
each  bar  can  be  easily  determined  and  the 
load  carried  by  each  bar  can  be  readily  ad- 
justed by  methods  recommended  by  the 
AREA. 

(4)  Expansion  bearings.  Expansion  rollers 
should  be  observed  under  the  passage  of  a 
train  to  make  certain  they  are  in  working 
condition.  Such  rollers  may  become  "frozen." 
due  to  dirt  accumulation  and  corrosion  and 
tend  to  slide  on  the  bearing  plates.  Any 
restraint  by  the  rollers  introduces  additional 
stresses   in   the   members. 

(5)  Corrosion.  Any  structure  subjected  to 
the  brine  from  refrigerator  cars  will  undoubt- 
edly have  considerable  corrosion  on  the  top 
flanges  and  web  plates.  Rivet  heads  and  the 
top  flanges  of  girder  spans  should  be  in- 
spected for  loss  of  section.  The  webs  of  floor 
beams  receive  considerable  brine  and  such 
plates  may  become  very  thin. 

(6)  Fillets  and  webs.  The  deflection  of 
the  timber  ties  and  deck  timbers  produces 
bending  stresses  in  the  fillets  of  the  flange 
angles  and  in  the  web  plate  between  stiffen- 
ers  just  below  the  angles.  It  can  be  seen 
that  the  stresses  at  these  locations  are  re- 
peated many  times  and  may  result  in  fatigue 
cracking  of  the  steel. 

(7)  Abutments  and  piers.  The  older 
bridges  were  usually  built  with  a  full-width 
sole  plate  sliding  on  a  masonry  plate.  The 
end  stiffeners  were  over  the  edges  of  the 
plate.    The  deflection  of  the  girder  resulted 
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in  most  of  the  load  being  carried  by  the 
inside  stiffeners  with  high  bearing  stresses 
on  the  masonry.  Many  years  of  service  re- 
sulted in  an  abrasion  of  the  masonry  and 
in  many  cases  cracked  and  broken  masonry. 
This  usually  occurs  when  the  edges  of  the 
plates  are  close  to  the  edge  of  the  masonry. 

(8)  Timber  trestles.  Many  of  the  timber 
trestles  are  40  to  50  years  old  with  occasional 
trestles  about  60  years  old.  Such  bridges 
naturally  require  close  inspection.  The  first 
item  to  inspect  is  the  alignment  and  cross 
level  of  the  track  on  the  trestle.  A  poor 
alignment  or  cross  level  usually  indicates 
some  trouble,  such  as  settlement  of  the  piles, 
crushing  of  the  caps,  loose  bracing,  and  in 
some  cases  failed   stringers. 

You  are  all  acquainted  with  the  boring 
of  holes  in  the  piles  and  caps  to  determine 
internal  decay.  We  are  in  hopes  that  a 
simpler  method  of  inspection  can  be  worked 
out  in  the  future,  such  as  using  a  nuclear  or 
ultrasonic  instrument,  thus  eliminating  the 
boring  method.  Particular  attention  should 
be  directed  to  the  piles  at  the  ground  line 
for  possible  external  decay,  especially  if 
there  has  been  any  change  in  the  level  of 
the  water  or  ground. 

Extensive  investigations  have  been  con- 
ducted in  the  Research  Center  laboratory  to 
determine  the  static  and  repeated  load 
strength  of  timber  stringers.  These  investi- 
gations have  indicated  that  such  timbers  will 
fail  in  bending  only  under  high  overloads 
but  will  fail  in  horizontal  shear  under  re- 
peated loads  slightly  greater  than  design 
loads.  Horizontal  shear  failures  are  readily 
detected  in  the  outer  stringers  of  the  chord 
but  are  difficult  to  detect  in  the  inner  string- 
ers. Since  the  bending  strength  of  a  stringer 
that  has  failed  in  horizontal  shear  is  only 
half  that  of  a  good  stringer,  it  can  be  seen 
that  the  stringer  chord  may  be  overstressed. 

Difficulties  are  frequently  encountered 
with  loose  bolts  fastening  the  sway  and 
longitudinal  bracing  to  the  piles  and  caps. 
These  bolts  are  usually  34 -in  in  diameter 
and  are  too  small  for  the  forces  involved, 
resulting  in  worn  and  enlarged  holes  in  the 
timber    members.    Our    research    has    shown 


that  a  1-in  diameter  bolt  will  carry  over 
twice  the  load  carried  by  a  34 -in  diameter 
bolt  when  the  loads  are  repeated  The  re- 
placement of  these  bolts  with  1-in  diameter 
bolts  will  stiffen  up  the  structure. 

(9)  Concrete  bridges.  Many  of  our  con- 
crete bridges  are  40  or  50  years  old  and  it 
is  unfortunate  that  most  of  them  were  built 
in  an  era  before  control  over  the  amount  of 
water  per  sack  of  cement  was  attained.  An- 
other cause  of  severe  deterioration  in  some 
areas  was  the  alkali  in  the  water  used  to  mix 
the  concrete  as  well  as  in  the  soil  in  contact 
with  the  completed   structure. 

Concrete  deterioration  is  usually  evident 
from  the  underside  of  a  bridge  span,  and  in 
some  cases  the  reinforcement  may  be  ex- 
posed. Such  deterioration  will  usually  start 
where  the  two  slabs  forming  the  span  are 
in  contact  along  the  center  line  of  track, 
particularly  if  the  deck  does  not  have  proper 
drainage.  For  this  reason,  the  drains  should 
be  inspected   and  kept  in  good   condition. 

Several  years  ago  our  Research  Center  con- 
ducted static  loading  tests  on  some  concrete 
slabs  that  had  been  removed  from  a  bridge 
on  account  of  very  bad  deterioration.  These 
slabs  still  carried  over  3V2  times  their  orig- 
inal design  load  before  complete  failure  oc- 
curred. While  the  bottom  surface  of  the  steel 
reinforcement  in  these  slabs  was  almost  com- 
pletely exposed  due  to  concrete  deterioration, 
the  steel  was  still  bonded  to  the  concrete 
sufficiently  well  for  the  slabs  to  act  as  rein- 
forced-concrete  beams.  The  serviceability  of 
such  structures  appears  to  depend  upon  the 
amount  of  bond  remaining  where  concrete 
deterioration  has  occurred. 

The  design  and  rating  of  bridges  is  a  com- 
plicated subject,  far  more  technical  than  the 
data  I  have  presented  in  this  paper.  How- 
ever, I  hope  you  have  a  better  understanding 
of:  (1)  How  and  why  the  bridge  engineer 
designs  a  bridge  for  Coopers  loading  for 
diesel-locomotive  and  heavy-car  operations; 
(2)  how  the  carrying  capacity  and  rating  is 
determined  in  terms  of  Coopers  loading;  and 
(  3  )  how  the  Coopers  equivalents  of  the  loco- 
motives and  cars  are  determined  in  terms  of 
Coopers    loading. 


Abstract  of  Addresses  Delivered  Before 
the  Joint  Session 


The  first  featured  speaker  at  the  opening 
joint  session,  held  on  September  14,  was  W. 
Arthur  Grotz,  president.  Western  Maryland. 
His  address  was  entitled  "Competition — Will 
it  Make  or  Break  You?"  and  included  the 
following  comments: 

Remarks  by  W.  A.  Grotz 

You  men  are  parts  of  many  managements. 
I  am  going  to  talk  to  you  about  basic  man- 


agement problems  of  competition  and  oppor- 
tunity as  if  I  were  talking  to  our  own  annual 
management  conference.  Much  of  what  I  say 
will  be  my  own  predictions. 

The  railroad  industry  has  a  value  at  its 
original  cost  less  depreciation  of  about  $26 
billion.  Since  much  of  the  investment  was 
made  many  years  ago,  the  reproduction  value 
would  be  much  higher.  Ours  is  a  very  big 
industry. 
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In  1963,  the  railroads  took  in  S9.6  billion 
in  revenues.  That  sounds  like  a  lot  to  you 
and  me,  but  it  is  actually  less  than  the  rail- 
roads took  in  in  1953.  Revenue  per  net  ton 
mile  decreased  from  1.48  cents  in  1953  to 
1.31  cents  in  1963  in  the  face  of  a  rise  of 
18  per  cent  in  material  and  fuel  costs  and 
47  per  cent  in  wage  rates  of  railway  labor 
in  the  same  period.  The  railroad  industry 
has  fought  hard  to  stay  even  and  many  indi- 
vidual companies  have  suffered  losses.  I  se- 
lected the  title  for  my  talk,  "Competition — 
Will  it  Make  or  Break  You?",  because  of 
this  recent  earnings'  trend.  Serious  as  the 
problems  are,  I  hope  to  show  you  that  the 
adverse  phase  of  the  cycle  has  bottomed  out 
and  that  the  future  of  the  railroads  is  as 
bright  as  we  have  the  determination  and  re- 
sourcefulness to  make  it. 

The  competitive  forces  which  limit,  the 
revenues  of  the  railroads  are  familiar  to  all 
of  you.  I  shall  list  them  briefly  as  a  back- 
ground against  which  to  discuss  ways  to  im- 
prove the  earnings  of  the  railroads.  They 
are  as  follows: 

(  1 )  Greater  truck  competitive  capacity 
through  additional  expressways. 

(2)  Development  of  pipelines  for  bulk 
commodities   other  than  petroleum   and   gas. 

( 3 )  Low-priced  residual  oil  competing 
with  coal  and  electric  transmission  lines  of 
500,000  kw  or  higher,  with  reduced  line 
losses  of  power,  competing  in  energy  trans- 
mission with   coal   in  hopper  cars. 

( 4 )  Government-fosterd  atomic  power. 

( 5 )  Continuing  governmental  develop- 
ment of  inland  waterways. 

( 6  )  Air  transport,  aided  by  governmental 
development  of  larger  aircraft,  airports  and 
navigation   aids. 

( 7 ;  Industrial  decentralization,  involving 
less  transportation  of  products  and  improved 
industrial  processes. 

Looking  at  the  competitive  situation 
broadly,  however,  I  am  happy  to  say  that, 
except  for  atomic  energy,  we  are  past  the  un- 
certainties of  competing  with  new  kinds  of 
transportation.  We  need  no  longer  fear  com- 
petitive surprises.  The  other  modes  have 
now  matured,  with  roughly  predictable  ca- 
pabilities against  which  we  can  plan  our 
strategy. 

The  relative  growth  of  other  modes  of 
surface  transportation  is  leveling  out.  Under- 
standing and  use  of  advancing  scientific 
knowledge  by  one  mode  or  another  will  con- 
tinue to  affect  its  success.  There  is  every 
reason  to  believe  that  greater  recourse  to 
science  will  be  helpful  to  the  railroad  in- 
dustry. I  speak  not  only  of  physical  science, 
but  also  of  the  science  of  management.  Our 
success  will  depend  upon  our  greater  utiliza- 
tion of  both — people  no  less  than  machines. 
Science  is  our  brightest  hope. 

The  future  competitive  struggle  will  find 
the  railroads  with  the  advantage  of  mergers 
into  a  smaller  number  of  systems.    They  will 


have,  therefore,  broader  and  more  skilled 
management,  intensive  use  of  their  best  fa- 
cilities, with  lower  unit  costs,  closer  sales 
coverage  and  greater  financial  resources. 

I  have  said  "Science  is  our  brightest  hope." 
Although  the  railroad  industry  embarked  late 
and  cautiously  on  research,  it  is  moving  at 
an  increasing  tempo.  This  is  an  area  of  great 
interest  to  me.  I  predict  that  science  will 
become  a  major  preoccupation  of  railroad 
management. 

With  emphasis  on  science,  we  can  expect 
continued  reductions  in  costs,  which  will 
further  improve  the  competitive  position  and 
profits  of  the  railroads.  Better  materials,  bet- 
ter designs  and  better  physical  characteristics 
will  flow  from  expanded  research.  Science 
will  become  evident  in  wider  acquaintance 
with,  and  use  of,  mathematical  reasoning,  the 
so-called  "Systems  Planning"  and  "Opera- 
tions Research"  approaches.  Not  less  im- 
portant will  be  work  measurement  standards, 
cost  analysis,  management  training  and  long- 
range  planning.  Less  frequently  will  a  man- 
ager be  selected  because  he  is  the  best  sales- 
man or  the  most  senior  mechanic.  To  the 
greatest  extent  feasible,  he  will  be  specifically 
selected  for  management  characteristics  and 
educated  to  be  a  manager.  Happily,  some 
railroads  have  been  sending  men  to  manage- 
ment schools.    More  will  go. 

Recognizing  that  engineering  must  be  kept 
abreast  of  science,  railroads  are  exploring 
the  means  of  refreshing  and  stimulating  their 
valuable  engineering  staffs,  so  many  of  whom 
are  here  today.  Such  training  or  retraining 
will  steadily  reduce  the  alleged  devotion  to 
archaic  methods  and  the  indifference  or  hos- 
tility toward  innovation,  for  which  our  in- 
dustry was  criticized  a  year  ago  by  the  Na- 
tional Academy  of  Sciences. 

The  drive  for  more  education,  especially 
higher  learning,  is  one  of  the  great  forces 
in  the  world.  Colleges  and  universities  must 
be  increasingly  associated  with  the  railroads 
in  the  fields  of  science,  of  research  and  of 
recruiting   and   training  personnel. 

A  more  constructive  and  more  balanced 
governmental  policy  toward  transportation  is 
dawning.  Federal,  state  and  local  govern- 
ments are  becoming  more  actively  interested 
in  the  welfare  of  the  railroads.  There  has 
been  presidential  interest  in  equalizing  the 
regulatory  burdens  of  the  railroads  with  those 
of  other  carriers  and  in  making  grants-in-aid 
to  metropolitan  mass  transit.  When  the  rail- 
roads have  experienced  periods  of  particular 
distress,  government  financing  through  loans 
or  guarantees  of  loans  has  been  available. 
Government  is  expanding  its  study  of  a  sug- 
gested super  railroad  from  Boston  to  Wash- 
ington. Government  is  financing  an  opera- 
tions research  study  of  the  Long  Island  Rail- 
road commuter  service.  I  firmly  believe  that 
grants-in-aid  to  railroad  research  and  develop- 
ment will  be  in  the  public  interest. 

There  are  hopeful  signs  of  moderating  the 
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taxes  on  railroad  property.  Government  has 
done  so  in  a  number  of  local  cases. 

With  such  an  economic  and  political  back- 
ground, where  do  you  engineers  and  road- 
masters  and  B&B  men  fit?  How  can  you 
make  even  greater  contributions? 

You  are  important  in  the  railroad  system. 
Your  work  pretty  largely  determines  the 
speed  and  dependability  of  train  service, 
without  which  there  can  be  no  bright  future. 

I  would  counsel  each  of  you,  first  of  all, 
to  be  optimistic,  to  believe  so  thoroughly  in 
the  future  of  your  business  that  you  are  a 
builder-upper — a  salesman  of  railroad  suc- 
cess. Mountains  may  be  moved  by  faith,  but 
faith  and  enthusiasm  can  make  your  work  in 
moving  mountains  far  more  effective. 

Second,  be  receptive  to  new  ideas.  Read 
and  discuss  technical  papers  in  your  field  at 
every  opportunity.  Thank  God  for  your  in- 
tellect and  never  stop  learning. 

Third,  I  know  that  you  use  your  best  ef- 
forts to  get  maximum  use  of  the  expensive 
equipment  entrusted  to  you,  but  if  you  ever 
see  a  way  of  getting  extra  utilization,  men- 
tion it  to  your  supervisor  or  put  it  in  the 
suggestion  box.  The  return  on  investment 
is  of  utmost  importance  to  top  management. 
Maximum  utilization  of  maintenance-of-way 
equipment  is  just  as  important  as  engines 
and  cars.  Our  industry  cannot  afford  to  have 
a  comfortable  cushion  of  tools  or  rolling 
stock  to  make  up  for  lack  of  coordination. 

In  turn,  management  must  help  you 
through  research  and  development  of  mate- 
rials and  of  off-track  equipment  by  more 
scientific  programming  of  work  and  trains 
and  such  training  as  may  be  appropriate. 

Finally,  take  as  keen  an  interest  in  politics 
as  do  the  truck,  waterway  and  airline  men. 
It  may  be  hard  for  many  of  you  to  realize 
how  important  political  attitudes  and  pres- 
sures are  to  a  vast  industry  like  ours.  Take 
my  word  for  it.  If  you  don't  know  your 
congressman,  make  it  a  point  to  find  out 
about  him.  Write  him  on  matters  of  con- 
cern. When  he  votes  helpfully,  write  him 
expressing  your  appreciation.  Everyone  likes 
praise.  The  publisher,  B.  C.  Forbes,  wisely 
said,  "A  work  of  aopreciation  often  can 
accomplish  what  nothing  else  could  accom- 
plish." Help  to  get  out  the  votes.  We  are 
blessed  with  a  government  of  the  people, 
but  it  can't  guess  what  the  electorate  wants. 
It  is  responsive  to  the  views  of  those,  often 
minorities,  who  take  the  effort  to  communi- 
cate. 

Remarks  by  A.  L.  Sams 

The  first  speaker  at  the  Tuesday  morning 
joint  session  was  Allen  L.  Sams,  chief  engi- 
neer, Illinois  Central,  who  spoke  on  "Let's 
Take  a  Look."  Here  are  some  excerpts  from 
his  address: 

One  of  the  most  remarkable  changes  that 
has  taken  place  in  the  railroad  industry  since 
World  War  II  is  the  mechanization  of  main- 
tenance-of-way work.    I  can  recall  serving  as 


a  track  supervisor  20  years  ago  on  our  Mat- 
toon  district,  a  125-mile  branch  line  in  south- 
eastern Illinois.  There  were  16  sections  on 
the  district  and  frequently  two  extra  gangs. 
Except  in  one  or  two  locations  where  men 
were  not  available,  the  minimum-size  section 
gang  was  six  men.  Today  there  are  four 
sections  on  that  district  and  the  normal  force 
consists  of  a  total  of  about  14  men. 

In  1948,  Class  I  railroads  paid  for  a  total 
of  more  than  663  million  man-hours  charge- 
able to  maintenance  of  way  and  structures; 
in  1963,  the  comparable  figure  was  218 
million  man-hours,  a  reduction  of  67  per 
cent.  The  reduction  in  track-maintenance 
forces  has  been  even  more  remarkable.  While 
I  do  not  have  such  figures  for  all  Class  I 
railroads,  the  results  on  the  Illinois  Central 
should  be  fairly  representative  of  the  in- 
dustry. We  reduced  man-hours  chargeable 
to  the  track-maintenance  accounts  from  11.5 
million  in  1948  to  about  2.5  million  in  1963, 
while  total  ton-miles  handled  on  the  rail- 
road in  1963  remained  about  the  same  as  in 
1948.  In  other  words,  one  track  laborer  in 
1963  performed  the  equivalent  work  of  about 
AY2  men  fifteen  years  earlier. 

The  significance  of  this  accomplishment 
can  be  better  appreciated  by  showing  its  ef- 
fect on  net  income  of  the  railroads.  The  net 
cost  of  a  labor  man-hour,  including  fringe 
benefits,  in  1963  was  about  $1.50  after  in- 
come taxes.  If  the  reduction  of  more  than 
445  million  man-hours  had  not  been  made 
by  Class  I  railroads,  the  net  income  of  652 
million  dollars  in  1963,  a  relatively  good 
year,  would  have  been  completely  dissipated. 

Where  do  we  go  from  here?  Have  we 
now  reached  the  ultimate  limit  of  mechaniza- 
tion and  innovation  in  our  work  or  will  the 
next  15  years  produce  as  many  improvements 
as  the  last  15?  How  will  our  jobs  as  man- 
agers and  supervisors  be  affected? 

To  answer  the  second  question  first,  I 
think  we  would  all  agree  that  we  have  not 
reached  the  ultimate  limit  yet.  As  long  as 
opportunities  exist,  and  as  long  as  ingenious 
men  are  challenged  by  these  opportunities, 
the  process  of  innovation  will  continue.  I 
doubt  if  there  is  a  man  in  this  audience  who 
cannot  point  to  an  operation  that  could  be 
improved  or  made  easier  by  mechanization. 
The  research  continues,  both  on  the  rail- 
roads and  by  the  suppliers.  New  machines, 
materials  and  processes  are  still  being  intro- 
duced. There  is  every  indication  that  wage 
rates  will  continue  to  rise,  providing  addi- 
tional economic  incentive  for  substituting 
machines  for  man-hours.  Without  doubt,  we 
will  see  many  more  advances  in  mechaniza- 
tion in  the  near  future. 

How  extensive  will  they  be  in  the  next 
15  years?  Predicting  the  future  is  always 
difficult,  but  it  is  necessary  for  intelligent 
forward  planning.  The  first  thing  to  con- 
sider is  volume  of  traffic  we  can  anticipate. 
As    I    stated    earlier,    1963    traffic   load    was 
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about  the  same  as  1948.  During  that  period, 
total  inter-city  freight  net  ton-miles  of  trans- 
portation provided  by  all  carriers  increased 
from  one  trillion  in  1948  to  1.5  trillion  in 
1963,  while  the  railroads'  share  of  the  total 
decreased  from  64.3  per  cent  to  43-1  per 
cent.  Unless  a  serious  depression  occurs, 
transportation  requirements  of  our  country 
should  increase  another  50  per  cent  during 
the  next  15  years.  The  political  climate  is 
improving.  Our  efforts  to  compete  more" 
effectively  should  bear  fruit,  and  I  believe 
we  can  stop  the  downward  trend  and  hold 
our  present  share  of  freight  transportation. 
My  guess  is  that  productivity  of  maintenance- 
of-way  labor,  measured  by  gross  ton-miles 
per  man-hour,  will  be  twice  as  great  in  1978 
as  it  was  in   1963. 

For  my  purpose  today,  it  is  not  necessary 
to  be  quantitatively  accurate  in  predicting 
labor  productivity.  The  point  I  want  to  make 
is  that  it  has  increased  substantially  since 
World  War  II  and  will  probably  increase 
in    the   future. 

How  will  this  affect  our  performance  as 
supervisors  and  managers?  It  has  often  been 
said  that  a  railroad's  employees  are  its  most 
valuable  asset.  It  should  be  fairly  obvious 
that  the  value  of  these  employees  increases 
with  their  productivity.  Generally  speaking, 
every  employee  wants  to  perform  a  given 
task  well.  There  is  no  substitute  for  the 
satisfaction  of  knowing  that  a  job  has  been 
done  well.  Less  than  satisfactory  performance 
results  only  when  the  man  was  not  well 
suited  to  the  task,  when  he  was  not  properly 
motivated  or  not  properly  trained.  Eliminat- 
ing motivation,  because  the  most  important 
element  in  motivation  is  salary  and  this  is 
largely  beyond  our  control,  I  would  like  to 
discuss  during  my  remaining  time  employee 
selection  and  training. 

Railroad  employees  are  noted  for  their 
loyalty  to  the  industry.  There  are  relatively 
more  50-year  veterans  of  railroad  employ- 
ment than  any  other  industry.  Moreover, 
with  fewer  employees  at  the  level  of  laborer, 
a  larger  percentage  of  these  must  advance 
to  more  responsible  positions.  Therefore,  it 
is  of  utmost  importance  to  choose  new  em- 
ployees carefully.  The  previous  practice  of 
hiring  almost  everyone  who  had  two  arms, 
two  legs  and  a  Social  Security  number  can 
no  longer  be  tolerated. 

When  a  railroad  buys  a  mechanized  tool, 
the  purpose  is  to  improve  the  quality  of 
work  and  perform  a  particular  operation  in 
a  more  efficient  manner.  The  railroads  have 
spent  millions  of  dollars  in  new  work  equip- 
ment of  every  description  during  the  past 
several  years.  This  equipment  is  now  being 
used  by  track  and  bridge  and  building  gangs. 
Each  of  these  tools  or  machines  requires  a 
varied  degree  of  skill  to  make  it  perform  to 
capacity. 

During  this  period,  it  seems  that  the  only 
thing  that  has  not  been  changed  is  man.  He 


is  our  immediate  problem  and  the  question 
now  is  what  are  we  doing  about  him.  Man 
is  able  to  do  something  a  machine,  no  matter 
how  sophisticated,  can  never  do.  He  is  able 
to  think.  We  take  it  for  granted,  but  it  is 
rather   extraordinary. 

There  is  something  else  even  more  extra- 
ordinary which  we  probably  never  think 
about.  Man  is  a  machine  operated  by  elec- 
trical impulses  from  a  central  control  station 
— the  brain.  He  is  entirely  unique  because 
he  is  the  only  machine  that  does  not  require 
outside  direction  to  operate.  Isolate  him 
from  any  contact  with  his  fellow  man  with- 
out communication  of  any  sort  and  he  can 
still  continue  to  function.  Isolate  a  machine, 
even  the  latest  type,  most  highly  developed 
electronic  computer,  and  it  would  be  in- 
operative until  supplied  with  electric  power 
and   human   direction. 

Man,  having  the  power  to  think,  requires 
something  additional  in  order  to  operate  this 
new  work  equipment.  He  needs  more  knowl- 
edge of  a  special  kind  which  we  in  manage- 
ment must  supply.  It  is  an  area  where  we 
need  to  concentrate  more  of  our  efforts.  We 
call  it  training. 

Most  railroads  have  instituted  programs  at 
the  supervisory  level  to  develop  better  work 
methods  and  better  supervisor-labor  relations. 
It  seems  to  me  we  need  to  consider  a  train- 
ing program  at  the  labor  level  which  would 
include  the  rudiments  of  motor  operation, 
both  electric  and  gasoline,  working  parts  of 
these  units,  engine  failures  and  what  to  look 
for  to  correct  these  failures.  In  other  words, 
the  trainee  should  have  a  general  working 
knowledge  of  what  makes  the  machine  oper- 
ate in  order  to  prevent  breakdowns  and  to 
reduce  down  time  when  one  occurs. 

The  training  should  embrace  all  types  of 
machines  used  by  the  railroad,  their  func- 
tions, general  method  of  operation  and  min- 
imum production  requirements.  It  should  in- 
clude some  instruction  on  the  under-lying 
reason  for  the  operation  performed  by  each 
of  the  machines  and  its  relation  to  the  over- 
all program.  Finally,  we  need  to  devote 
more  time  to  acquainting  this  class  of  em- 
ployee with  the  duties  and  functions  of  other 
employees,  both  in  the  maintenance-of-way 
department    and    in   other    departments. 

The  railroads  are  passing  through  a  period 
of  great  change.  We  have  seen  how  the 
efficiency  of  our  work  has  been  greatly  in- 
creased during  the  past  15  years,  and  can 
anticipate  more  in  the  years  to  come.  Our 
society  needs  the  dependable,  economical 
transportation  offered  by  the  railroads  Our 
part  in  fulfilling  that  need  is  to  provide  and 
maintain  the  fixed  property  in  a  condition 
to  handle  more  and  faster  trains.  This  is 
the  challenge  facing  us  as  managers  and 
supervisors.   I  believe  we  are  ready  to  meet  it. 

Reads  E.  H.  Hallmann's  talk 

Following  Mr.  Sam's  address,  those  attend- 
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ing  the  second  joint  session  heard  a  talk  pre- 
pared by  E.  H.  Hallmann,  chairman,  Western 
Carriers'  Conference  Committee,  National 
Railway  Labor  Conference.  Since  Mr.  Hall- 
mann was  unable  to  attend  the  meeting, 
his  talk  was  delivered  by  J.  F.  Griffin,  ad- 
ministrative secretary  of  the  NLRC. 

The  address  was  entitled  "Methods  of  Ob- 
taining the  Maximum  Benefits  from  the  Set- 
tlement in  the  Work-Rules  Case  in  the  Use 
of  Self-Propelled  Equipment"  and  included 
these  comments: 

For  many  years  you  gentlemen  have  been 
deeply  interested  in  a  situation  that  was 
causing  you  a  great  deal  of  concern  and  con- 
siderable unnecessary  expense.  I  refer  to 
those  situations  where  for  one  reason  or  an- 
other you  were  required  to  have  a  pilot,  or 
more  than  one  pilot,  on  your  self-propelled 
machines.  Many  in  this  audience  have  talked 
to  me  on  several  occasions  about  the  neces- 
sity of  doing  something  about  this  situation. 
As  all  of  you  know,  something  has  now  been 
done,  and  it  is  covered  by  Article  III  of  the 
Agreement  of  June  25,  1964,  between  the 
Nation's  railroads  and  the  five  operating 
Brotherhoods. 

You  gentlemen  have  been  working  under 
the  terms  of  this  Agreement  for  nearly  three 
months,  and  I  know  you  are  more  familiar 
with  how  it  actually  operates  than  I  am. 
I  feel  that  this  is  a  workable  agreement  and 
briefly   I  would  describe  it  as   follows: 

( 1 )  The  rule  governs  the  manning  of  self- 
propelled  vehicles  or  machines  by  train  serv- 
ice employees  (conductors  and  brakemen) 
used  in  maintenance,  repair,  construction  or 
inspection  work.  The  organizations  were 
fearful  that  we  might  be  trying  to  use  one  of 
these  machines  as  a  switch  engine  or  a  road 
locomotive,  which  is  the  reason  for  limiting 
its  use  in  this  connection  to  maintenance,  re- 
pair, construction  or  inspection  work. 

( 2 )  This  Agreement  does  not  require  the 
employment  of  engine  and  train-service  em- 
ployees where  they  were  not  required  prior 
to  the  effective  date  of  this  agreement. 

( 3 )  On  one  of  these  self-propelled  ma- 
chines operating  in  road  territory,  a  conductor 
only  need  be  employed  on  on-rail  self-pro- 
pelled vehicles  when  operating  in  main-line 
territory,  provided  such  machines  are 
equipped  with  a  drawbar  and  are  operating 
under  train  orders.  There  are  several  points 
to  be  watched  here.  First,  it  applies  only  to 
"on-rail"  machines;  secondly,  it  applies  only 
in  main-line  territory  and  not  on  other  parts 
of  the  railroad,  such  as,  but  not  limited  to, 
siding,  spurs  and  branch  lines. 

I  am  sure  that  you  gentlemen,  by  working 
closely  with  your  local  operating  officers,  will 
not  be  put  to  any  great  unnecessary  expense 
under  the  provisions  of  this  rule. 

In  yard  service,  you  will  only  be  required 
to  use  a  yard  conductor  (foreman)  on  on-rail 
self-propelled  machines  provided  such  ma- 
chines have  sufficient  power  to  move  freight 


cars,  and  if  more  than  two  cars  are  handled 
at  any  one  time,  a  yard  brakeman  will  also 
be  employed.  Inasmuch  as  this  Article  does 
not  apply  to  the  operation  of  these  machines 
in  such  areas  as  shop  tracks,  supply  areas,  tie 
yards  and  installations  of  that  type,  I  am  sure 
that  you  will  likewise,  by  working  closely 
with  your  local  operating  officers  and  yard- 
masters,  be  able  to  plan  your  work  so  that 
very  little,  if  any,  unnecessary  expense  is  in- 
volved. You  will  also  observe  that  this,  too, 
only  applies  to  on-rail  machines. 

The  rule  does  not  require  the  employment 
of  a  locomotive  engineer  or  fireman  on  any 
of  the  self-propelled  vehicles,  where  they  had 
heretofore  not  been  employed.  However,  it 
developed  that  on  some  railroads  there  were 
practices  or  agreements  that  required  the  em- 
ployment of  a  locomotive  engineer  to  actually 
operate  the  machine  in  the  performance  of 
all  of  the  work  for  which  such  machine  was 
designed.  An  example  of  this  would  be  on 
those  railroads  where  the  locomotive  engineer 
actually  operates  the  Sperry  Rail  Detector  Car. 
Also  on  one  large  eastern  railroad  the  loco- 
motive engineer  has  operated  what  is  some- 
times known  as  the  wire  inspection  train, 
which,  as  I  understand  it,  is  the  equipment 
that  is  used  in  the  inspection  of  the  overhead 
catenary  system.  We  could  not  find  any 
situations  where  a  locomotive  fireman  was 
used,  although  one  of  the  earlier  awards  of 
the  Adjustment  Board  required  the  employ- 
ment of  a  locomotive  fireman  on  a  steam- 
propelled  pile  driver  on  one  railroad.  It  was 
our  information  that  this  carrier,  after  being 
saddled  with  this  unnecessary  expense, 
scrapped  the  equipment  involved  so  that  they 
were  no  longer  compelled  to  use  a  locomo- 
tive fireman.  The  organization  insisted,  how- 
ever, that  a  reference  be  made  in  this  agree- 
ment that  would  not  throw  them  out  of  court 
in  case  this  carrier  again  attempted  to  use 
this  obsolete  equipment. 

All  in  all,  I  feel  that  you  now  have  some- 
thing that  you  have  long  wanted  and  needed. 
I  feel  that  your  patience  in  living  under  the 
old  rules  and  practices  was  one  that  you 
tolerated  all  too  long.  If  I  had  any  part  in 
relieving  you  of  this  unnecessary  expense,  I 
am  pleased  to  have  played  that  part.  But  I 
do  want  to  thank  you  and  all  of  your  fellow 
officers  for  the  wholehearted  support  you 
gave  us  in  making  it  possible  to  reach  the 
agreement  we  have  been  discussing  this  morn- 
ing. 

Remarks  by  G.  V.  Guerin 

The  final  feature  of  the  Tuesday  morning 
joint  session  was  an  illustrated  address  by 
G.  V.  Guerin,  chief  engineer.  Great  North- 
ern. He  spoke  on  "What  Record  Floods  Did 
to  the  Great  Northern's  Main  Line  in  Mon- 
tana and  How  It  Was  Rebuilt."  Here  are 
some  of  the  highlights  of  his  talk: 

A  series  of  pyramiding  factors  reached  a 
climax  in  early  June  to  cause  all-time  record 
hi^hwater  and  flood  conditions  in  the  Rocky 


Address  by  G.  V.  Guerin 


23 


mountains,  located  in  northwestern  Montana. 
Snowfall  in  the  winter  of  1963-64  was  sub- 
stantially greater  than  average  with  a  total  of 
420  in  being  measured  at  the  Marias  Pass 
crossing  of  the  Continental  divide.  Low  tem- 
peratures delayed  the  spring  thaw  and  run- 
off from  snow  melt  was  still  heavy  in  early 
June. 

During  the  period  June  6-8,  1964,  un- 
precedented warm  rainfall  occurred  in  the 
area — 8  in  to  10  in  was  reported  by  local 
observers.  The  combination  of  these  condi- 
toins  resulted  in  a  record  runoff  from  the 
mountain  slopes  into  ravines,  creeks  and  riv- 
ers, which  have  steep  gradients  and  narrow, 
confined  channels,  to  create  devastating  high 
water  and  flood  conditions. 

At  high  water,  the  middle  fork  of  the 
Flathead  river  usually  flows  at  a  depth  of 
about  20  ft  and  at  an  elevation  of  7  ft  below 
top  of  rail  in  Belton  canyon.  High  water  in 
June  reached  an  elevation  of  23  ft  above  top 
of  rail  to  completely  fill  the  bores  of  2  tun- 
nels. It  would  have  taken  sizeable  bridges 
to  handle  water  from  sidehill  ravines  where 
culverts  12  in  to  36  in  in  diameter  have 
taken  care  of  drainage  at  these  locations  since 
the  line  was   constructed   in    1.891. 

The  most  extensive  and  serious  damage 
occurred  on  the  main  line  between  St.  Paul 
and  Seattle  exending  wetsterly  from  Summit 
(Marias  pass  on  the  southern  border  of 
Glacier  park)  45  miles  to  Belton,  located  at 
the  southwest  corner  of  Glacier  park.  Two 
other  locations  a  few  miles  west  of  Belton 
also  sustained  damage.  Two  secondary  main 
and  two  branch  lines  located  to  the  south  and 
east  of  Glacier  park  where  damaged  to  a 
lesser  degree  by  high  water  in  the  Marias, 
Teton  and  Sun  rivers  and  Spring  Creek. 
Estimated  cost  to  restore  these  lines  was 
$300,000. 

The  flood  damage  and  restoration  work 
for  the  section  of  main  line  between  Summit 
and  a  location  a  few  miles  west  of  Belton 
on  the  primary  main  line  is  divided  into 
these  three  different  types: 

(1)  Washout  of  culverts  and  adjacent 
roadbed,  which  was  constructed  of  sand,  silt 
and  gravel,  located  on  sidehills  and  in  ra- 
vines which  drain  the  mountain  slopes  into 
creeks  and  rivers. 

( 2 )  Slough  of  embankment  slopes  con- 
structed of  sand,  silt  and  gravel  caused  by 
erosion  of  toes  of  slopes  by  high  water  mov- 
ing at  fast  velocities  in  adjacent  streams. 

( 3 )  Scour  of  ballast,  earth  and  loose  rock 
embankments,  which  are  located  in  narrow, 
confined  stream  beds,  by  large  volumes  of 
water  in  streams  flowing  at  high  velocities. 

Considerable  other  damage  was  associated 
with  the  situation.  The  track  structure  was 
washed  into  streambeds  or  left  suspended 
over  washed-out  holes  and  culverts,  snow- 
shed  footings  were  washed  out,  and  com- 
munication lines  and  signals  were  destroyed. 
It  was  fortunate  that  important  bridges  suf- 


fered only  minor  damage.  Highways,  includ- 
ing US2,  also  were  completely  washed  out 
so  that  railroad  restoration  work  had  to  be 
accomplished  by  working  from  each  end. 

The  first  evidence  of  any  trouble  was  re- 
ported early  in  the  morning  of  June  8  when 
a  freight  train  encountered  a  washed-out  cul- 
vert near  Essex,  about  20  miles  west  of  Sum- 
mit. An  empty  stock  car  was  lost  in  this 
washout.  It  immediately  became  evident  that 
a  serious  situation  was  developing  and  top 
officers  of  the  railway,  including  President 
J.  M.  Budd,  Vice  President-Operations  T.  A. 
Jerrow,  General  Manager  Lines  West  C.  M. 
Rasmussen  and  the  speaker  arrived  at  the 
area  within  a  matter  of  hours. 

Since  the  track  and  highways  were  washed 
out,  inspections  to  appraise  the  damage  and 
to  make  plans  for  restoration  work  had  to 
be  made  on  foot  and  in  the  air.  Small  air- 
craft and  helicopters  were  utilized  to  very 
good  advantage.  Even  though  the  water  in 
the  stream  beds  was  still  in  flood  stage,  and 
some  of  the  damage  was  hidden,  plans  for 
restoration  work,  together  with  estimates  on 
materials,  equipment,  supervision  and  labor, 
were  formulated  based  upon  past  experience 
with  similar  situations  of  lesser  magnitude. 
These  items  were  either  on  the  way  or  on 
the  ground  by  the  night  of  June  9. 

A  work  schedule  was  arranged  which 
called  for  two  12 -hour  shifts,  7  days  per 
week.  Experienced  supervisory  personnel, 
consisting  of  general,  track,  bridge  and  build- 
ing, communication,  signal  and  equipment- 
maintenance  supervisors,  were  moved  to  the 
scene  from  various  locations  on  the  railroad. 

Damage  at  the  easterly  end  conformed  to 
type  ( 1 )  for  the  1 5  miles  of  double  track. 
There  were  10  major  washouts  of  embank- 
ments consisting  of  sandy  silt  and  gravel 
ranging  in  size  from  100  ft  to  800  ft  in 
length,  and  from  15  ft  to  100  ft  in  depth. 
One  large  washout  500  ft  long  and  100  ft 
deep  required  175,000  cu  yd  of  fill  material. 
These  10  major  washouts,  together  with 
minor  washouts  and  embankment-slope  resto- 
ration work  required  an  estimated  650.000 
cu  yd  of  filling  material,  22,000  cu  yd  of 
riprap,  one  mile  of  new  track,  including  ties 
and  ballast,  and  several  thousand  feet  of  24- 
in  to  60-in  diameter  culvert  pipe  with  flumes. 
In  addition,  60  lin  ft  of  creosoted  showshed 
roof  timbers,  posts  and  caps  were  dislodged 
and  deposited  into  a  washout  cavity.  The 
cavity  was  caused  by  water  cascading  over  the 
shed  roof  and  washing  out  the  track  and 
footings  below. 

Practically  all  of  the  washouts  for  the  east- 
erly 15  miles  were  located  on  sidehills  com- 
posed of  sand,  silt  and  gravel  soil.  Repairs 
were  made  by  starting  bulldozers  on  the 
natural  slopes  above  the  washouts  and  push- 
ing material  into  the  washouts  by  establish- 
ing; benches  and  working  the  material  down- 
hill. Since  all  highways  were  also  washed 
out,  the  work  had  to  be  progressed  from  the 
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easterly  end,  one  washout  at  a  time,  and 
operations  moved  to  the  next  one  west  as 
each  was  completed.  A  total  of  20  bulldozers 
were  used  for  this  work.  Most  of  them  were 
obtained  from  contractors  and  several  were 
company  owned  and  operated  by  company 
employees. 

The  most  severe  and  concentrated  damage 
occurred  over  a  section  about  5  miles  in 
length  immediately  east  of  Belton,  located 
at  the  southwestern  boundary  point  of  Gla- 
cier National  Park.  Most  of  the  damage  in 
this  area  conformed  to  type  ( 3 )  ■  Here,  the 
track  is  constructed  adjacent  to  the  middle 
fork  of  the  Flathead  river  in  a  narrow  canyon 
and  the  rampaging  river  reached  such  a  high 
elevation  that  it  completely  filled  the  bores 
of  2  of  the  4  tunnels  located  in  the  canyon. 
Considerable  track  was  deposited  in  the  river 
channel  when  the  ballast  and  loose  rock  and 
earth  roadbed  were  washed  out  down  to  solid 
rock  in  this  5-mile  section.  All  of  the  com- 
munication lines,  and  most  of  the  signals, 
were  also  lost.  US  Highway  2  is  located  at  a 
higher  elevation  than  the  track  and  it  re- 
maind  in  serviceable  condition.  It  provided 
access  to  establish  several  working  faces  from 
which  to  carry  out  track  restoration  work. 
More  than  100,000  cu  yd  of  grading  using 
rock    and    gravel    for    fill    was    required    to 


restore  the  roadbed.  Considerable  of  the 
original  track  material  was  recovered  for  re- 
use in  reconstructing  the  track  after  the  wa- 
ter receded,  but  about  1J/2  miles  of  new  rail, 
fittings  and  track  ties  also  had  to  be  used. 

Restoration  work  was  started  in  full  swing 
on  June  10  and  completed  sufficiently  to  per- 
mit resumption  of  traffic  19  days  later.  A 
maximum  of  about  400  men  were  employed. 

In  summary,  the  major  items  of  all  work 
consisted  of  approximately  1,300,000  cu  yd 
of  grading  (including  about  100,000  cu  yd 
of  rock),  production  and  placement  of  220,- 
000  cu  yd  of  riprap,  installation  of  4,000 
lin  ft  of  24-in  to  60-in  diameter  culvert  pipe 
and  flumes,  construction  and  placement  of 
about  6  miles  of  track  and  ballast  ( including 
2V^>  miles  of  new  material),  construction  of 
10  miles  of  communication  lines  and  restora- 
tion of  signal  systems  at  the  affected  areas. 
Most  of  the  grading,  culvert  and  track  re- 
construction work  was  accomplished  in  the 
first  19-day  period.  None  of  our  employees 
was  killed  or  injured  as  a  direct  action  of  the 
flood.  It  is  estimated  that  the  cost  to  restore 
the  section  of  line  from  Summit  to  10  miles 
west  of  Belton  to  its  original  physical  condi- 
tion will  amount  to  about  $2,500,000,  ex- 
clusive of  operating  costs  for  detouring  trains 
and  other  similar  transportation  expenses. 
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Due  to  the  wide  divergance  of  physical 
characteristics  that  have  to  be  taken  into  con- 
sideration when  renewing  bents,  this  report 
will  include  only  the  open-deck  timber  tres- 
tles. It  is  to  be  acknowledged  that  in  most 
cases  involving  the  renewal  of  bents  other 
than  in  frame  structures,  each  has  to  stand 
on  its  own  merits  as  to  type  and  method  of 
replacement.  Also  to  be  acknowledged  are 
the  structures  on  those  railroads  over  which 
it  is   neither  practical   nor  possible   to   inter- 


rupt traffic.  In  cases  such  as  this,  it  is  neces- 
sary to  place  false  bents  for  carrying  traffic 
while  bents  are  beinsj  replaced. 

The  renewing  of  bents  without  disturbance 
to  and  from  traffic  is  of  vital  importance  to 
Dur  railroad  industry  today.  In  performing 
bridge  work,  not  only  are  "face  costs"  to  be 
considered  but  also  of  equal  importance — and 
sometimes  even  more  so — are  the  delays  to 
traffic.  Therefore,  any  plan  involving  the 
renewal  of  bents  on  a  main   line  must  take 
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into  consideration  not  only  initial  and  main- 
tenance costs  but  traffic  delays  as  well. 

There  are  various  methods  of  renewing 
bents  on  a  bridge.  The  method  used  depends 
not  only  on  economics  and  traffic  delays  but 
also  on  the  type  of  the  opening,  the  drainage, 
and  the  structure.  For  example,  the  opening 
could    be:     (a)    year-around    deep    water,   or 

(b)  alternate  wet  and  dry.  Type  of  drainage 
could  be:  (a)  swift  water,  (b)  contain  large 
drift,  (c)  Stillwater,  (d)  combination.  Type 
of  structure  could  be:   (a)  steel,  (b)  concrete, 

(c)  ballast-deck,  (d)  open  deck,  (e)  com- 
bination. Based  on  the  above  physical  char- 
acteristics, the  method  of  bent  renewal  should 
be  chosen  accordingly.  As  stated  above,  for 
the  purpose  of  this  report,  the  method  dis- 
cussed will  be  for  an  open-deck  timber  trestle. 

Assuming  that  all  the  different  factors  have 
been  considered,  such  as  age  of  structure, 
height,  whether  main  line  or  branch  line, 
tonnage  carried,  speed  and  particular  type  of 
use  of  the  structure,  and,  if  it  is  over  a  stream, 
the  amount  of  drift  that  passes  through  the 
bridge,  one  railroad  would  replace  an  open- 
deck  trestle  bent  that  had  deteriorated  above 
the  ground  line  with  a  sawed  timber  frame 
bent  as  follows: 

First,  assemble  all  needed  material  at  the 
work  site  and  place  in  position  for  use.  Place 
the  proper  order  consistent  with  MofW  and 
operating  rules.  Frame  the  bent  on  the 
ground  alongside  the  trestle.  In  this  case,  it 
is  assumed  that  the  cap  is  in  good  condition 
and  will  remain  on  the  bent.  Swing  the 
work  scaffolds  in  place  alongside  the  bent 
to  be  replaced.  On  the  adjacent  bents  (the 
ones  on  which  the  jacks  are  to  be  placed  to 
raise  the  structure ) ,  fasten  the  ties  and  string- 
ers together  with  a  chain  and  load  binder 
just  inside  each  rail  so  that  the  jacks  that  are 
placed  on  opposite  ends  of  the  same  cap  and 
are  jacking  against  the  ties,  will  raise  the 
entire  structure  (rail,  ties,  stringers  and,  in 
this  case,  the  cap )  from  the  bent  to  be  framed 
out.    Remove  stringer  bolt  nuts  from  the  two 


bents  on  each  side  of  bent  to  be  replaced. 
This  work  should  be  done,  but  the  jacking 
process  will  not  begin  until  after  the  train 
has  passed.  Saw  guides  should  be  placed 
properly  for  the  correct  cut  off  of  the  old 
piles  in  the  bent. 

A  jack  should  be  fastened  to  each  outside 
pile  just  under  the  cap  in  order  to  raise  the 
cap  the  thickness  of  a  hacksaw  blade  so  that 
the  drifts  can  be  cut  just  as  soon  as  the  train 
passes.  The  jack  can  be  removed  as  soon 
as  the  drifts  are  cut.  The  new  mudsill 
should  have  holes  drilled  for  the  drifts  prior 
to  placing  on  the  cutoff  bent  as  well  as  tem- 
plates for  locating  the  framed  post  quickly. 
Templates  should  also  be  placed  on  the  cap 
to  remain  in  place  so  as  to  facilitate  placing 
the  upper  ends  of  the  framed  posts.  New 
holes  should  be  drilled  for  the  drifts  through 
the  old  cap  alongside  the  old  drift  bolts.  All 
this  planning  is  working  toward  a  prede- 
termined time  for  the  passage  of  a  particular 
train.  The  moment  the  train  passes,  the  gang 
proceeds  as  follows: 

A  highway-rail  bridge  truck  is  placed  on 
the  track  at  the  nearest  crossing  and  proceeds 
to  trestle.  The  two  jacks  on  the  caps  of  the 
adjacent  bents  are  activated  and  the  structure 
raised  until  it  is  in  a  strain  at  the  bent  to 
be  replaced.  The  two  jacks  on  the  batter  or 
outside  piling  raise  the  cap  off  the  piles  the 
thickness  of  a  saw  blade  and  a  hydraulic 
hacksaw  is  used  to  cut  the  drifts,  leaving  no 
stub  on  underside  of  cap.  These  jacks  are 
then  removed  and  the  hydraulic  chain  saw 
is  placed  on  the  cutoff  guides  and  begins 
cutting  the  piles.  These  piles  are  held  while 
being  sawed  and  when  lowered  to  the  ground 
by  the  bridge  truck's  hydraulic  boom.  The 
entire  bent  is  handled  in  this  manner.  The 
cut  timber  is  treated  with  hot  creosote  and 
the  mudsill  is  then  placed  by  the  bridge 
truck,  drifts  are  driven  and  the  framed  posts 
are  put  in  their  proper  places  on  the  mudsill 
and  located  under  the  cap  in  their  templates 
and  then  drifted  to  the  mudsill. 

At  this  point,  if  train  time  makes  it  neces- 
sary, the  bridge  truck  moves  to  the  crossing 
and  is  removed  from  the  rails.  The  jacks  on 
the  adjacent  caps  are  lowered  and  the  bent 
is  now  located  properly.  Drifts  are  driven 
through  the  cap,  stringer  bolts  replaced  and 
the  bridge  is  ready  for  traffic.  Braces  of  any 
nature,  if  necessary,  can  now  be  placed  and 
all  tools  can  be  removed  as  well  as  templates. 
The  bridge  is  now  ready  for  normal  service. 

Tools  used:  Highway-rail  bridge  truck 
with  hydraulically  extended  boom 

Hydraulic  chain  saw 

Hydraulic  hacksaw 

Hydraulic  auger 

Hydraulic  impact  wrench 

Hydraulic  bolt  puller 

Hydraulic  jacks 

Sledge  hammer,  etc. 

Labor  force:    One  working  foreman 
Three  laborers 
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With  this  method,  about  thirty  minutes 
is  consumed  in  work  time  after  the  passage 
of  trains  before  trestle  is  ready  for  another 
train. 

Epoxies  properly  applied  to  the  ends  of 
posts  and  piles  at  the  junction  of  pile  to  sill 
and  post  to  cap  gives  a  much  better  bearing 
surface  as  compared  to  felt  applied  to  the 
top  of  piles  and  exposed  ends  of  piles  and 
posts  mopped  with  hot  tar  and  creosote  oil. 

One  Railroad  reports  that  a  frame  bent  can 
be  placed  in  an  open-deck  trestle  for  75% 
of  the  cost  of  redriving  and  in  a  ballast-deck 


trestle  for  about  50%  less. 

Another  company  says,  "Most  of  our  bent 
renewals  have  been  complete  renewals  of 
bridges." 

The  above  outlined  procedures  are  general 
only.  Each  situation  will  present  its  indi- 
vidual problems  which  will  require  slight 
variations.  The  essence  of  the  entire  pro- 
cedure is  the  proper  advance  planning  of 
each  step  to  be  taken.  The  order  of  sequence 
and  having  the  proper  materials,  tools,  and 
equipment  available,  are  of  prime  importance 
in  seeing  that  a  job  is  well  done. 


Latest  Developments  in  Fire  Prevention  Methods 

and  Materials  for  Bridges,  Buildings 

and  Timber-Lined  Tunnels 
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areas.  Recognition  of  fire  hazards  has  been 
foremost  in  the  association's  report  program. 
Over  the  years  many  worthy  reports  have 
been  prepared.  Your  committee  regards  a 
bibliography  of  this  coverage  and  certain 
other  pertinent  studies  a  worthwhile  part  of 
this  report.  It  must  be  added  here  that  al- 
ternatives or  substitutes  for  combustible  con- 
struction materials  were  not  considered  to  be 
within  the  scope  of  the  report. 

Many  owners  of  properties  including  rail- 
roads have  a  belief  that  the  manner  in  which 
to  minimize  fire-prevention  efforts  and  elimi- 
nate fire  hazards  is  to  build  structures  of  non- 
combustible  materials.  We  all  know  this  is 
no  guarantee.  Fires  do  happen  and  casualties 
do  occur  in  such  structures  but  the  structural 
elements  are  rarely  if  ever  a  factor.  After  a 
study  of  fire  in  fire-resistive  buildings  over 
the  last  50  years,  the  National  Fire  Protec- 
tion Association  declared  that  the  structural 
framing  of  a  building  has  a  very  minor 
influence  on  loss  of  property  or  life.  Ac- 
tually responsible  are  such  things  as  com- 
bustible contents,  flammable  interior  finishes, 
unprotected  floor  openings,  exits  improperly 
arranged  and  constructed,  and  poor  house- 
keeping. Most  of  us  have  first-hand  knowl- 
edge  of   damage   to   unprotected   steel   struc- 


J.  A.  Jorlett 

Chairman 


This  report  comprises  information  on  the 
types,  merits  and  some  costs  of  fire-resistant 
materials,  chemical  weed  control  and  other 
fire  protection  and  control.  We  were  also 
directed  to  determine  the  type  of  fire  pro- 
tection in  use  in  long  timber-lined  tunnels 
and    long,    high,   timber    trestles    in    isolated 
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tures  and  even  reinforced  concrete  structures 
during  conflagrations. 

Although  many  of  today's  bridges  are  built 
of  non-combustible  materials,  the  wood  pile 
trestle  and  timber  ballasted  deck,  all  of 
treated  materials,  is  least  expensive  to  build 
and  has  a  long  service  life  with  a  low  annual 
maintenance  cost.  Many  of  the  present  such 
structures  were  built  of  treated  materials 
which  are  vulnerable  to  fire  damage.  Ad- 
vancements in  the  art  of  fighting  fires  on 
trestles  and  in  timber-lined  tunnels  in  for- 
merly inaccessible  areas  have  been  assisted 
indirectly  by  the  improvements  and  increased 
number  of  off-track  equipment  used  to  main- 
tain track  and  structures.  This  has  brought 
about  the  construction  of  more  passable  roads 
leading  to  or  paralleling  the  railroad  tracks. 
Fire-fighting  equipment  can  now  be  brought 
close  to  the  scene  of  a  fire  more  quickly. 
Many  communities  possess  efficient  fire-fight- 
ing companies  with  high-powered  pumpers 
and  chemical  trucks.  Where  water  supply  is 
limited,  tank  trucks  augment  the  pumpers. 

In  the  western  part  of  this  country  where 
much  of  the  mileage  of  timber  trestles  is 
located,  the  U.S.  Forest  Service  has  pioneered 
in  the  use  of  borax  slurries '  distributed  by 
airborne  equipment  to  fight  forest  fires.  In 
I960  over  6,000,000  gallons  were  used  on 
some  1000  woodland  and  forest  fires  in  the 
West.  The  equipment  used  carried  from  60 
gallons  to  2000  gallons.  They  come  in  over 
fires  and  drop  the  slurry  from  a  height  of 
50  to  75  ft.  Three  advantages  are  claimed 
for  the  slurry:  One,  coating  excludes  air  so 
that  flammable  materials  cannot  ignite;  two, 
white  coating  reflects  heat  so  that  the  fuel 
does  not  reach  ignition  temperatures  readily; 
three,  borate  salts  themselves  are  effective 
fire  retardants  although  the  exact  mechanism 
is  not  fully  understood.  Disadvantages  of  the 
method  are  that  equipment  cannot  work  in 
high  winds  or  at  night  and  the  cost  is  high. 
Materials  cost  about  $95  per  ton,  f.o.b.  at 
plants  which  comes  to  about  15^  per  gallon 
when  mixed  with  water.  Added  to  this  is 
transportation  and  handling  costs  to  the  air- 
fields. Airborne  equipment  can  run  up  to 
S500  per  hour. 

Various  railroads  have  improved  the  in- 
stallations of  fusible  cables  or  links  for  de- 
tection of  fires  on  important  trestles  or  wood- 
deck  structures  particularly  at  critical  loca- 
tions. The  cables  or  links  carry  a  current 
which  is  interrupted  when  a  break  in  the 
continuity  of  the  system  is  caused  by  high 
temperatures.  The  interruption  causes  an 
alarm  to  be  set  off  in  a  tower,  dispatcher's 
office  or  set  a  roadside  signal  to  stop  trains. 
Because  the  system  is  susceptible  to  break- 
age it  is  looked  upon  with  disfavor  by  some 
of  the  railroad  supervision. 

This  type  of  protection  has  been  ingen- 
iously applied  in  timber-lined  railroad  tun- 
nels. One  western  railroad  has  such  a  de- 
tection system  with  rolling  doors  at  the  tun- 


nel portals  tied  to  it.  After  the  alarm  is 
sounded  one  of  the  doors  is  closed  auto- 
matically. The  other  is  closed  manually  after 
it  is  determined  that  no  one  is  in  the  tunnel. 
A  mid-western  railroad  has  in  use  stored 
pressure-loaded  stream  2 ^-gallon  fire  ex- 
tinguishers on  three  of  its  important  steel 
bridges  having  timber  decks  for  use  of  its 
personnel.  The  advantages  found  for  these 
extinguishers  are  as  follows: 

( 1 )  The  "loaded  stream"  extinguisher  is 
saturated  with  dissolved  potassium  salts  so 
that  it  will  not  freeze. 

(2)  While  2\6  gallon  pump-type  water 
extinguishers  have  an  Underwriters'  Labora- 
tory rating  of  2A,  which  is  the  same  rating 
given  for  a  50-gallon  fire  barrel  with  three 
fire  buckets,  the  loaded  stream  extinguisher 
has  the  same  rating  plus  fire-killing  power 
for  oil  and  grease  fire  equivalent  to  that 
of  the  lV^-quart  carbon  tetrachloride  extin- 
guisher. 

( 3  )  There  is  no  corrosion  problem  as  con- 
trasted with  extinguishers  using  calcium 
chloride   to  prevent  freezing. 

( 4 )  There  is  no  evaporation  problem  as 
there  is  with  the  pump-type  extinguisher. 

While  dry-pipe  fire  lines  are  not  a  new 
application  for  fire  fighting  on  railroad 
bridges  and  long  trestles,  they  are  looked 
upon  with  favor  by  fire-fighting  organiza- 
tions. The  lines  must  be  properly  sized  and 
provided  with  connections  for  pumpers  at  ac- 
cessible locations  usually  at  the  ends  of  the 
structures.  At  intervals  along  the  structure 
hose  outlets  are  provided.  Connections  are 
made  for  the  standard  21/2 -in  fire  hose  and 
sometimes  U/2-in  hose.  Proper  lengths  of 
hose  in  weatherproof  boxes  are  located  at 
each  connection.  The  smaller  diameter  hose 
enables  employees  to  get  to  a  small  fire 
quickly  where  a  pressure  water  supply  is  tied 
in  with  the  dry-pipe  system.  Anyone  who 
has  helped  drag  hundreds  of  feet  of  standard 
fire  hose  along  a  trestle  or  open-floor  bridge 
will  appreciate  the  spacing  of  numerous  hose 
outlets  along  the  structure.  When  a  movable 
span  is  included  in  the  structure,  it  will  be 
necessary  to  have  quick-connect  non-corrode 
fixtures  at  each  end  of  the  movable  span. 

Fire  retardants 

In  discussing  fire-retardant  treatments  for 
wood  it  should  be  kept  in  mind  that  there 
are  two  distinct  aspects  of  fire  performance. 
One  is  fire  spread  and  relates  to  the  rapidity 
or  freedom  with  which  fire  spreads  over  a 
surface  that  has  been  ignited.  The  other  may 
be  termed  fire  resistance  and  relates  to  the 
tendency  of  fire  to  penetrate  a  member  or 
structure.  The  manner  and  extent  to  which 
the  spread  of  fire  is  retarded  and  in  which 
penetrarion  of  fire  is  resisted  are  often  closely 
related.  Many  railroads  have  undertaken 
srudies  and  tests  to  develop  methods  of  fire- 
proofing  timber  structures.  The  earliest  at- 
tempts were  with  coatings  which  endeavored 
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to  keep  the  timber  temperatures  below  igni- 
tion point  of  both  the  timber  itself  as  well 
as  the  preservative  material  when  the  igni- 
tion source  was  present.  Latest  advancements 
in  the  science  is  the  combination  of  fire-re- 
tardant  chemicals  with  or  without  preserva- 
tives. 

A  great  deal  of  work  has  been  done  in 
the  advancement  of  the  quality  of  Fire  Re- 
tardant  Treated  (FRT)  wood  by  the  Forest 
Products  Laboratory  of  the  U.S.  Department 
of  Agriculture,  Underwriters'  Laboratories, 
Factory  Mutual  Laboratories,  Southwest  Re- 
search Institute  and  a  number  of  universities 
such  as  University  of  California,  Ohio  State, 
Columbia,  and  others  which  have  the  neces- 
sary test  furnaces.  The  AAR  Research  Depart- 
ment in  Chicago  in  conjunction  with  the 
AREA  has  had  many  noteworthy  projects, 
both  on-the-job  performance  and  laboratory 
investigations  of  materials  and  practices  in 
fire  prevention.  The  ASTM  has  established 
tests  to  judge  the  suitability  of  materials  from 
a  fire  safety  standpoint. 

Recognition  of  the  worthiness  of  FRT 
wood  has  come  from  the  numerous  code- 
writing  authorities  of  cities  and  other  bodies, 
such  as  government  agencies  (the  Federal 
Housing  Administration,  the  Army  and  the 
Navy),  the  International  Conference  of 
Building  Officials  in  their  Uniform  Building 
Code.  These  sources  of  information  should 
be  investigated  by  you  when  you  plan  to  use 
FRT  wood,  either  in  new  projects  or  replace- 
ments in  existing  structures. 

The  use  of  liquid  bituminous  based  coat- 
ings on  decks,  applied  either  by  spraying  or 
brushing,  for  fire  retardation  has  been  com- 
mon practice  for  several  decades.  This  had 
its  usefulness  in  protecting  existing  treated 
(petroleum-creosote)  structures.  While  they 
have  been  effective  in  varying  degrees  on 
horizontal  surfaces,  they  have  not  been  suc- 
cessful on  vertical  surfaces.  This  can  be  over- 
come by  using  a  glass  fabric  tape  impreg- 
nated with  a  liquid  fire  retardant.  The  tape 
is  patented.  The  tape  is  applied  by  stapling 
it  to  the  piling,  timber  bents  and  the  like. 
It  is  expensive  both  in  material  and  cost  of 
application. 

One  noteworthy  series  of  tests  of  coating 
materials  was  made  by  the  Santa  Fe  Railway 
in  195 1 .  The  Santa  Fe.  who  had  been  active 
for  many  years  in  the  study  of  fire  preven- 
tion for  their  timber  trestles,  which  in  1957 
numbered  about  128  lineal  miles,  devised  a 
full-scale  single-track  trestle  replica,  one  span 
in  length  for  a  typical  fire  test.  The  struc- 
ture consisted  of  a  ballasted  timber-type  deck 
spanning  a  bent  of  piling  and  a  timber  back- 
wall.  Douglas  fir  lumber  and  piling  which 
was  air  seasoned  to  approximately  20  r'r 
moisture  content  was  treated  with  a  50/50 
creosote-petroleum  mixture  two  to  ten  years 
prior  to  test.  After  the  structure  was  built, 
tests  were  conducted  using  two  phosphorus- 
type    proprietary    compounds.     The    coatings 


were  sprayed  on  to  a  thickness  of  1/16  in. 
and  0.07  in.  respectively.  The  test  was  made 
by  piling  tumbleweed  under  the  trestle  to  a 
height  of  five  or  six  feet  at  the  bent  and  de- 
creasing it  to  about  two  feet  at  the  backwall. 
The  ground  was  sloped  upward  in  a  typical 
manner  at  the  backwall. 

About  45  sec  after  the  tumbleweed  was 
ignited,  the  fire  reached  its  peak  temperature. 
Readings  taken  at  a  point  immediately  be- 
low the  deck  reached  1650  deg  F  or  higher. 
The  weeds  burned  out  about  IV2  min  after 
ignition.  The  flames  continued  on  the  piling 
and  timber  for  12  to  14  min  with  the  tem- 
peratures in  the  last  10  min  or  so  remaining 
at  some  500  deg  F.  The  fires  then  died  out 
except  for  some  local  burning  which  per- 
sisted in  protected  pockets.  It  is  interesting 
to  note  here  that  the  temperature  of  a  five- 
minute  fusee  used  by  our  trainmen  reaches 
a  temperature  of  3350  deg  F. 

Equally  successful  tests  were  made  on  the 
same  type  of  structure  when  the  timber  and 
piling  were  treated  with  a  solution  of  an- 
other proprietary  phosphorus-type  additive  in 
a  50/50%  creosote-petroleum  mixture.  The 
net  retention  of  the  piling  was  20.56  lb  per 
cu  ft  of  the  solution  or  0.189  lb  of  phos- 
phorus, and  the  net  retention  in  the  timber 
was  15.18  lb  per  cu  ft  of  the  solution  or 
0.140  lb  of  phosphorus.  Phosphates  were  se- 
lected for  the  test  because  they  retard  the 
burning  and  spread  of  fire  to  the  point  that 
the  wood  will  not  continue  to  burn  when  the 
ignition  source  is  removed  or  exhausted. 
Many  water-soluble  chemicals,  such  as  am- 
monium sulphate,  borax,  boric  acid  and  zinc 
chloride,  have  fire-retarding  properties,  but 
they  are  more  or  less  leachable  so  that  for 
exterior  exposure  and  oeriodically  wet  condi- 
tions they  are  not  satisfactory. 

Tumbleweed  was  arranged  under  the  tres- 
tle in  the  same  manner  as  the  foregoing  tests 
and  ignited.  The  same  temperatures  were 
reached  at  the  height  of  the  burning.  In  this 
test  however  the  flames  on  the  timber  and 
piling  died  down  in  about  eight  minutes  ex- 
cept for  small  protected  areas.  Char  measure- 
ments were  1/ 16  in  to  \%  in  on  the  piling 
and  y$  to  1<4  in  on  the  timber. 

Some  of  the  conclusions  stated  for  the  tests 
were: 

"Early  testing  showed  less  fire  hazard  on 
untreated  timbers  than  treated  timbers.  Stud- 
ies showed  that  the  higher  the  retention  of 
preservative  oils,  the  greater  the  hazard,  for 
as  you  increase  the  fuel,  the  fire  hazard  in- 
creases. From  this,  we  believe  that  an  increase 
in  the  ratio  of  fire  retardant  to  oil  is  necessary 
as  the  total  oil  is  inceased. 

"We  also  noted  that  the  most  persistent 
flaming  always  occurred  in  protected  loca- 
tions where  entrapped  heat  could  cause  vola- 
tile materials  to  burn  above  the  wood  surface 
and  away  from  the  phosphate  additive,  thus 
indicating  a  need  for  a  flame-controlling 
ayent. 
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"From  the  above,  we  have  concluded  that 
phosphorus  as  triaryl  phosphate  contributes 
materially  to  reduction  of  the  fire  hazard. 
Phosphorus-halogen  mixtures  in  the  proper 
ratio  to  preservative  solutions  will  increase 
the  control." 

A  full  description  of  this  report  with  pho- 
tographs and  other  descriptive  information 
appears  starting  on  page  1098  of  Volume  61, 
AREA.  The  report  was  given  by  L.  C.  Col- 
lister,  manager.  Tie  and  Timber  Treating 
Department,  AT&SF. 

Chemical  control  or  eradication  of 
vegetation   around   structures 
and  storage  areas 

The  presence  of  weeds  and  grasses  around 
railroad  structures  invites  widespread  disaster 
to  many  railroad  properties.  As  late  as  May 
of  this  year  several  blocks  of  waterfront  oper- 
ations along  the  Hudson  river  were  wiped 
out  when  a  fire  started  in  a  little  used  stock 
yard.  The  weed  fire  was  brought  under  con- 
trol in  short  order  by  the  Jersey  City  Fire 
Department.  Brisk  northwest  winds  appar- 
ently carried  burning  embers  .across  eight  or 
nine  tracks  of  a  Pennsylvania  railroad  float 
bridge  yard  and  lodged  them  in  a  multiple- 
track  high  coal-unloading  trestle.  In  the 
matter  of  several  hours  the  trestle,  five  timber 
and  steel  float  bridges,  a  long  wooden  cov- 
ered pier,  a  timber-decked  three-track  open 
pier  and  a  part  of  another  multiple-track 
lighterage  pier  were  in  blackened  ruins. 

During  the  past  decade  the  railroad  indus- 
try principally  through  the  efforts  of  the 
AAR  Research  Department  cooperating  with 
AREA  Committee  1 — Roadway  and  Ballast — 
exhaustively  tested  liquid  and  soil  chemicals 
for  controlling  or  eradicating  weeds,  grasses 
and  brush.  Three  types  of  chemicals  were 
tested:  (1)  Contact  herbicides,  (2)  translo- 
cated herbicides,  and    ( 3 )   soil  sterilants. 

A  contact  killer  is  one  that  is  capable  of 
killing  all  of  the  top  growth  of  the  plant 
with  which  it  comes  into  contact.  There  are 
selective  and  non-selective  contact  weed  kil- 
lers. The  selectives  may  kill  only  certain 
species  in  a  mixture  of  plants  while  the  non- 
selective may  kill  all  of  the  plants. 

Translocated  herbicides  are  applied  to  a 
plant  and  are  carried  through  the  stem  to 
the  roots,  which  are  destroyed  or  badly  dam- 
aged. Translocated  herbicides  are  usually  se- 
lective and  do  not  work  on  all  grasses  and 
weeds. 

Soil  sterilants  are  used  to  keep  an  area 
free  of  all  vegetation  for  a  period  of  time. 
This  type  of  material  is  used  primarily  in 
yard  areas,  around  bridges  and  trestles,  com- 
munication poles,  signal  stands,  buildings, 
road  crossings,  and  as  spot  treatments  for 
noxious  weed  control.  Several  of  the  common 
chemicals  used  for  this  purpose  are  arsenicals, 
borates,  boron  compounds,  petroleum  resi- 
dues, salt  and  sodium  chlorate.    Borates  and 


boron  compounds,  because  of  their  safety  fea- 
tures, are  probably  the  most  widely  employed 
chemicals  used  around  and  under  wooden 
structures.  The  concentrated  borate  ore  has 
no  harmful  effects  on  the  bridge  ties,  piling, 
or  hardware.  It  is  easy  to  apply  on  areas  com- 
monly found  under  bridges,  around  piling,  on 
slopes,  and  other  areas  where  it  is  desirable 
that  all  vegetation  be  removed. 

Most  of  the  eastern  United  States  has  ade- 
quate rainfall  and  a  long  enough  growing 
season  to  produce  heavy  plant  growth.  This 
is  especially  true  in  the  southeast.  When  trees 
are  removed  from  an  area  brush,  woody 
vines  and  strong  perennial  grasses  soon  in- 
fest the  area.  In  addition,  there  is  sufficient 
rainfall  to  quickly  leach  most  soil  sterilant 
from  the  soil.  In  extremely  low  rainfall  areas 
it  is  possible  to  obtain  two  years  control  with 
mixtures  containing  toil-sterilant-type  chemi- 
cals. 

Information  concerning  granular  materials 
shows  that  good  results  are  obtained  and  that 
the  materials  are  non-inflammable  and  non- 
poisonous.  A  good  combination  in  control- 
ling deep  and  shallow  rooted  plants  is  sod- 
ium chlorate  (35%-40%),  sodium  metabor- 
ate  (50%-60%)  as  a  fire  retarder  for  the 
chlorate,  combined  with  a  highly  insoluble 
product.  The  chlorate  penetrates  deeply  into 
the  soil  controlling  the  deep-rooted  plants. 
The  highly  insoluble  products  do  not  leach 
into  the  soil  as  readily,  thereby  giving  a 
longer  residual  on  the  soil  surface  and  keep- 
ing out  seedlings  which  germinate  later  in 
the  season. 

Some  of  the  disadvantages  of  the  materials 
are  that  the  chemical  does  not  become  ef- 
fective until  rain  dissolves  it;  heavy  rains 
sometimes  carry  the  chemical  away  before  it 
can  dissolve  and  leach  into  the  soil;  and  the 
rate  of  application  must  be  heavier  to  be  as 
effective  as  pre-dissolved  sterilants. 

The  costs  for  the  granular  materials  de- 
pend on  the  areas.  In  the  southern  areas, 
with  a  long  growing  season,  the  applica- 
tion is  about  400  to  800  lb  per  acre.  Costs 
will  be  about  $120  to  $240  per  acre  in  place. 
In  the  northern  region  with  its  shorter  grow- 
ing season,  the  application  is  from  200  to 
600  lb  per  acre.  Costs  will  be  from  $80  to 
$160  per  acre  in  place.  The  costs  are  de- 
cisively affected  by  the  means  of  distribution. 
If  the  materials  can  be  applied  with  powered 
equipment  and  transported  in  large  volumes 
handily,  the  costs  can  be  surprisingly  lowered. 

The  lists  of  chemicals  and  chemical  com- 
binations for  vegetation  control  or  eradica- 
tion become  longer  each  year.  There  are 
probably  some  100  such  materials  being  of- 
fered. 

Mentioned  earlier  in  this  report  was  the 
increasing  recognition  by  code-writing  groups 
permitting  the  use  of  FRT  plywood  and 
lumber  in  buildings.  Tn  New  York  Citv 
where  large  amounts  of  FRT  plywood  and 
lumber  are  being  used  for  temporary  facili- 
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ties,  barricades,  formwork  and  other  miscel- 
laneous needs  in  the  reconstruction  of  Penn- 
sylvania Station,  diligent  care  is  exercised  by 
the  City  Building  Department  to  see  that 
only  acceptable  material  is  delivered  to  the 
job.  No  material  can  be  unloaded  from  a 
truck  unless  a  qualified  inspector  is  there  to 
inspect  it  and  keep  a  record  of  the  shipment. 
The  development  of  the  phosphorous  com- 
pounds for  the  treatment  by  impregnation 
has  permitted  increased  use  of  the  materials 
for  outdoor  use.  Many  single-story  buildings 
have  been  built  using  FRT  plywood  roof 
decks  on  glued  laminated  beams  and  purlins. 


The  square  foot  cost  of  this  type  was  about 
60%  of  the  cost  of  a  roof  type  with  steel  bar 
joists,  girders,  insulation  and  ceiling  fire- 
proofing  of  the  conventional  roof.  The  FRT 
plywood  comes  in  T&G  type  for  roofing  so 
that  common  roof  coverings  can  be  applied 
to  the  surface. 

Along  with  the  improvement  in  FRT  ma- 
terials improvements  are  also  being  made  in 
fire-retardant  paints.  These  are  available  in 
interior,  exterior,  floor  and  deck  enamels, 
flat  finishes,  and  sealers  for  over  FRT  wood 
and  aluminum.  These  paints  may  be  brush 
applied  or  sprayed. 
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Chairman 

In  the  past  few  years  the  railroads  of  this 
country  have  been  called  upon  to  handle  a 
greater    number    of    cars    with    increasingly 


heavy  wheel  loads.  Not  only  are  the  wheel 
loads  becoming  heavier,  but  the  number  of 
cars  carrying  heavy  loads  are  increasing  with 
a  rapidity  approaching  arithmetic  progression. 
Loads  that  formerly  were  considered  too  heavy 
to  be  handled  without  special  investigation 
and  approval  are  now  being  transported  over 
our  rails  regularly  as  a  matter  of  course.  From 
the  traffic  viewpoint,  this  is  a  decided  ad- 
vantage because  of  the  increased  business,  but 
it  has  presented  some  maintenance  problems 
in  our  bridge  structures.  In  a  great  many 
instances  the  same  timber  trestles  that  oc- 
casionally carried  a  heavy  load  a  few  years 
ago  are  now  carrying  them  regularly  with  no 
change  in  design  or  additional  strengthening. 
Most  railroads  have  established  single  four- 
axle  carload  limits  for  main  line,  secondary 
branch  line,  and  other  classes  of  territories, 
over  which  these  loads  may  be  transported 
without  special  approval.  At  the  present  time 
the  most  common  four-axle  carload  limit  for 
main-line  territory  is  263,000  lb  gross.  One 
railroad  that  handles  a  considerable  number 
of  heavier  loads  has  a  load  limit  of  286,000 
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lb  without  special  approval,  and  at  least  one 
line  has  a  300,000  lb  limit.  Some  thought 
is  being  given  to  raising  the  limits  on  some 
roads  that  presently  have  the  lower  limits. 

In  addition  to  heavy  wheel  loads  that  are 
handled  regularly  without  special  approval, 
many  railroads  report  that,  of  those  loads 
requiring  special  approval,  45%  to  95%  are 
greater  than  350,000  lb.  Several  lines  occa- 
sionally handle  multi-axle  loads  in  excess  of 
1,000,000  lb  with  one  line  reporting  loads 
of  1,200,000  lb  being  transported  at  times. 

Even  though  actual  stresses  in  existing  tres- 
tles are  increasing  in  direct  proportion  to  the 
increase  in  loads,  and  likewise  actual  deflec- 
tions are  also  greater,  present  design  stresses 
being  used  are  mostly  consistent  with  AREA 
specifications.  The  primary  variance  with 
AREA  recommendations  occurs  in  bending 
stresses  with  most  roads  using  1,400  psi  to 
1,900  psi  with  no  impact.  One  line,  how- 
ever, uses  a  design  bending  stress  of  2,300 
psi  with  allowance  for  60%  impact  in  open- 
deck  trestles  and  with  40%  impace  for  bal- 
last-deck trestles. 

To  determine  the  extent  to  which  existing 
timber  trestles  must  be  strengthened  to  carry 
the  heavy  wheel  loads,  it  is  necessary  to  de- 
termine what  stresses  should  be  allowed.  The, 
permissible  stresses  for  passing  heavy  loads 
range  from  1,800  psi  to  2,400  psi  bending 
stress  with  no  allowance  made  for  impact.  A 
permissible  stress  of  2.530  psi  bending  with 
60%  impact  in  open-deck  trestles  and  40% 
impact  in  ballast-deck  trestles  was  reported 
by  one  line. 

Heavier  wheel  loads,  greater  frequency  of 
these  loads,  and  higher  speeds,  coupled  to- 
gether, produce  additional  maintenance  prob- 
lems. Although  some  railroads  believe  that 
speed  alone  will  not  appreciably  shorten  the 
life  expectancy  of  timber  trestles,  it  is  gen- 
erally felt  that  the  combination  of  these  fac- 
tors will  have  a  decided  effect  upon  the  lon- 
gevity of  timber  in  bridges.  A  common  prac- 
tice is  to  require  a  speed  reduction  over  tim- 
ber trestles  for  heavy  loads  that  produce 
higher  stresses.  With  a  high  degree  of  main- 
tenance, including  good  line  and  surface, 
tight  bolts,  and  properly  maintained  ap- 
proaches, the  load-speed -frequency  factor  has 
little  apparent  effect  upon  timber  life  expect- 
ancy. But  on  the  average  road  this  high 
degree  of  maintenance  is  not  practiced,  so 
it  is  found  in  actual  practice  that  the  above 
factor  produces  mechanical  wear  in  timber, 
crushing  in  caps  and  stringers,  and  pumping 
in   piling. 

In  recent  years  it  has  become  harder  to 
secure  suitable  pine  for  long  large-dimension 
structural  bridge  timber  and  some  roads  have 
had  to  switch  to  fir  for  these  timbers.  Tim- 
ber Agents  for  railroads  are  finding  it  harder 
in  recent  years  to  secure  sufficient  large- 
dimension  structural  timber  that  is  acceptable 
to  maintenance  men.  Even  though  most  lines 
are  presently  using  the  same  stress  grades  of 


timber  for  the  various  trestle  components 
as  was  used  several  years  ago,  some  roads 
report  that  they  are  now  receiving  inferior 
timber  which  is  softer,  greener,  and  with 
more  splits  and  checks.  This  type  of  timber 
fails  to  give  satisfactory  service  when  used 
where  the  load-speed-frequency  factor  is 
found. 

In  view  of  the  increasing  frequency  of 
heavy  loads,  it  becomes  apparent  that  the 
factor  of  safety  of  existing  bridges  is  being 
appreciably  decreased.  When  the  existing 
trestles  were  constructed,  many  years  ago,  a 
certain  factor  of  safety  was  built  into  them.  In 
the  intervening  time,  loads  have  been  in- 
creased considerably,  so  that  the  factor  of 
safety  for  these  bridges  has  been  reduced  pro- 
portionately. However,  it  has  become  neces- 
sary to  reappraise  the  safety  factor  in  the  in- 
terest of  economy.  Experience  has  shown  that 
the  safety  factor  built  into  existing  structures 
could  be  decreased  and  still  safely  carry  the 
heavier  wheel  loads.  But  this  efficiency  angle 
must  be  delicately  balanced  with  the  safety 
viewpoint. 

Since  wheel  loads  have  become  increas- 
ingly heavier  in  the  last  few  years,  it  would 
seem  likely  that  inspection  methods  would 
have  changed  likewise.  However,  the  inspec- 
tion methods  of  some  roads  have  not  changed 
in  this  period.  The  trend  is  for  those  lines 
handling  the  heaviest  loads  to  make  timber 
trestle  inspections  more  intensively  and  more 
frequently.  Inspections  are  made  by  visual 
inspection.  sounding,  increment  boring, 
power  drill,  and  one  railroad  uses  a  nuclear- 
ray  instrument  for  inspecting  timber  trestles. 
The  greatest  change  in  inspection  is  in  in- 
tensity and  frequency.  Inspection  of  timber 
trestles  range  from  continual  to  semi-annual, 
with  the  majority  of  raidroads  reporting  that 
bridge  inspections  are  now  made  monthly  or 
at  shorter  time  intervals.  Other  than  the 
bridge  inspector,  the  number  of  persons  mak- 
ing timber  bridge  inspections  hasn't  changed 
appreciably  in  the  last  ten  years.  That  is, 
with  only  a  few  exceptions,  the  same  ones 
make  inspections  now  that  formerly  did. 
Where  a  change  has  been  made,  it  is  towards 
an  increase  in  the  number  of  personnel  mak- 
ing inspections.  The  frequency  of  inspec- 
tions by  supervisors  has  not  changed  in  the 
last  10  years  on  a  large  number  of  roads, 
but  some  lines  report  that  daily  inspections 
are  now  made  by  supervisors. 

The  trestle  members  given  the  closest  in- 
spection, those  members  showing  the  most 
rapid  deterioration  or  failure,  and  the  type 
of  failure  of  the  members  naturally  varies 
with  the  territory  through  which  the  railroad 
operates,  and  with  the  intensity  of  heavy 
loads  handled.  The  lines  which  handle 
heavier  wheel  loads  with  greater  frequency, 
place  more  emphasis  on  inspection  of  caps 
and  stringers  than  do  other  roads.  Close  at- 
tention is  also  given  to  inspection  of  piling, 
posts,  sills  and  ties,  usually  in  that  order  of 
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importance.  Apparently  the  surface  of  trestle 
approaches  affect  the  maintenance  of  the 
bridge  since  some  roads  also  include  the 
approach  surface  on  their  list  of  items  in- 
spected. Caps  and  stringers  are  also  showing 
the  most  rapid  deterioration  or  failure,  with 
some  piling  also  showing  signs  of  incipient 
failure.  However,  in  the  case  of  piling,  it 
appears  that  decay  has  already  weakened  the 
pile  before  failure  attributable  to  heavy  wheel 
loads  occurs.  In  the  foregoing  classification 
would  fall  those  trestles  composed  of  timber 
treated  during  the  period  1941-1945.  Be- 
cause of  the  press  of  time,  improper  season- 
ing and  faster  treating  cycles  occurred,  and 
possibly  a  poorer  grade  of  preservative  was 
used  during  this  period. 

The  majority  of  timber  failures  are  pro- 
gressive failures,  that  is,  with  a  noticeable 
change  in  the  condition  of  the  member. 
This  type  of  failure  occurs  after  decay  once 
starts,  but  the  decay  pattern  seems  to  have 
slowed  down  in  the  last  10  years  due  to 
better  treatment.  Many  lines  report  that  the 
type  of  failure  hasn't  changed  in  the  last  10 
years,  but  again  the  parallel  between  the 
frequency  and  intensity  of  heavy  loads  and 
type  of  failure  holds  true.  The  roads  han- 
dling greater  numbers  of  heavier  loads  are 
experiencing  an  increase  in  the  rate  of  pro- 
gression of  failure  in  the  last  10  years.  This 
is  attributed  to  increased  wheel  loads  coupled 
with  the  increased  age  of  the  trestles. 

The  procedure  for  analyzing  bridge-inspec- 
tion reports  for  determination  of  when  and 
how  replacement  is  to  be  made  has  not 
changed  as  a  result  of  increased  wheel  loads. 
This  procedure  of  analysis  is  the  same  now 
as  it  was  several  years  ago.  Common  pro- 
cedure is  for  the  results  of  the  inspection  to 
be  progressed  from  the  General  Foreman  or 
B&B  Supervisor  through  channels  to  the 
Bridge  Engineer  or  Engineer  of  Structures 
and  finally  the  Chief  Engineer. 

Experienced  judgment  remains  the  most 
widely  used  criterion  for  evaluating  timber 
conditions  and  the  need  for  replacement.  A 
few  lines  have  certain  fixed  limits  that  ascer- 
tain when  bridge  timber  is  to  be  replaced. 
When  the  remaining  sound  timber  falls  be- 
low these  fixed  limits,  the  member  must  be 
replaced.  In  addition  to  judgment  and  fixed 
limits,  other  criteria  are  used  such  as  the  age 
of  the  trestle,  the  amount  of  excessive  main- 
tenance, the  need  for  greater  waterway  open- 
ing, logs  and  floating  drift  to  be  passed, 
amount  of  trains  and  their  speed,  anticipated 
bridge  gang  work,  and  correlation  of  bridge 
gang  program. 

Ties,  caps  and  stringers,  in  that  order,  are 
the  members  that  most  frequently  need  re- 
placement in  open-deck  thestles,  while  in 
ballast-deck  trestles  the  members  most  fre- 
quently requiring  replacement  are  caps,  piling 
and  ballast  curbs.  Of  the  members  requiring 
replacement,  a  maiority  of  replacement  is 
due    to   normal    timber    deterioration.     How- 


ever, the  trend  is  for  a  greater  number  of 
replacements  to  be  required  by  accelerated 
mechanical  wear  and  by  accelerated  fatigue 
failure  on  those  roads  transporting  heavier 
wheel  loads.  Only  in  a  very  small  percentage 
of  the  time  is  replacement  due  to  overstress 
failure  at  this  time. 

A  great  majority  of  those  railroads  furnish- 
ing information  to  this  committee  report  that 
the  ballast-deck  type  of  timber  trestle  con- 
struction most  adequately  supports  increased 
wheel  loads  with  a  minimum  of  mainte- 
nance. They  conclude  that  this  type  trestle 
is  easier  to  surface  and  line,  and  that  it  pro- 
vides a  better  distribution  of  axle  loads  to 
the  supports.  The  ballast-deck  trestle  also 
gives  a  longer  service  life  with  appreciably 
reduced  maintenance.  One  drawback  to  this 
type  trestle  is  the  greater  difficulty  in  replace- 
ment. 

Most  lines  report  that  there  is  no  indica- 
tion that  today's  loads  are  causing  piling  or 
frame  bents  to  settle.  However,  the  greater 
frequency  heavier  wheel  load  carriers  are  ex- 
periencing settlement  in  piling.  Likewise,  the 
alignment  is  the  same  for  settlement  which 
was  caused  by  steam  engines  versus  today's 
heavy  loads.  While  a  majority  of  roads  state 
that  today's  settlement  in  piling  is  not  as 
great  as  that  caused  by  steam  engines,  those 
lines  handling  a  great  number  of  heavy  wheel 
loads  report  that  piling  settlement  is  greater 
than  that  caused  by  steam  engines. 

Maintenance  methods  have  changed  con- 
siderably in  the  last  10  years.  It  is  not  pos- 
sible to  separate  the  reasons  for  the  change 
between  those  necessitated  by  heavy  wheel 
loads  and  those  which  were  necessary  for 
reasons  of  economy.  In  any  event  today's 
timber  bridge  gangs  are  made  up  of  fewer 
men  equipped  with  more  power  tools  and 
machines.  It  is  felt  that  new  tools  are  eco- 
nomically justified  to  keep  pace  with  in- 
creased maintenance  needs.,  since  productivity 
can  be  increased  with  fewer  men.  and  the 
work  can  be  done  in  less  time.  This  allows 
for  scheduling  more  repair  work  with  fewer 
men. 

Some  new  materials  have  been  found  to 
be  of  benefit  in  maintaining  timber  bridges 
for  today's  loads.  These  include  precast-con- 
crete and  steel  components  used  in  repairs, 
in-place  treatment  of  deteriorated  timber,  and 
epoxy  resin  for  use  in  posting  and  shimming 
piles. 

In  most  instances  timber  that  formerly 
was  considered  adequate  for  continued  use 
in  a  bridge  is  now  being  reevaluated  because 
of  heavier  loads.  Many  lines  believe  that  in- 
place  treatment  of  timber,  which  had  shown 
signs  of  deterioration.,  has  been  of  benefit  in 
prolonging  the  useful  life.  This  holds  true 
onlv  if  the  treatment  is  employed  before  the 
timber  has  lost  enough  structural  strength  to 
effect  its  carrying  capacity.  One  road  has 
inaugurated  a  program  for  the  internal  treat- 
ment of  piling  only,  and  has  indicated  that 
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for  an  E-60  loading  on  a  five-pile  bent  in  a 
30  ft  high  open-deck  trestle,  a  6-in  void  in 
a  14-in  pile  will  not  overstress  it.  They  be- 
lieve that  in-place  treatment  is  economically 
justified  since  the  increased  bearing  stress 
due  to  this  loss  of  18.2%  of  area  is  still 
within  design  limits  for  compression  both 
parallel  and  perpendicular  to  the  grain.  An- 
other line  concludes  that  a  saving  of  from 
200%  to  400%  is  possible  through  the  use 
of  in-place  treatment  in  ballast-deck  trestles. 

In  general,  the  concensus  of  opinion  is 
that  heavier  wheel  loads  are  responsible  for 
an  increase  in  the  crushing  of  caps  and  string- 
ers. Several  methods  have  been  employed  to 
combat  this  crushing.  One  of  the  most  prom- 
ising devices  used  to  protect  caps  from  piling 
is  a  rectangular  steel  plate  slotted  to  accom- 
modate the  drift  bolt,  with  a  raised  indented 
lug  to  keep  the  plate  in  place,  which  is  placed 
between  the  pile  and  the  cap.  This  plate  dis- 
tributes the  load  over  a  greater  area  of  the 
cap  so  that  compressive  stresses  perpendicular 
to  the  grain  in  the  cap  closely  approximate 
those  parallel  to  the  grain  in  the  pile. 

Scabs  may  be  bolted  to  both  sides  of  the 
cap  to  provide  additional  bearing  area  for 
the  stringers,  which  will  help  to  combat 
crushing  in  both  caps  and  stringers.  It  has 
been  found  helpful  to  use  tighter  bolt  connec- 
tions and  more  secure  anchorage  to  reduce 
crushing  as  well  as  mechanical  wear  in  bridge 
timber.  Helper  stringers  have  also  been  used 
successfully  to  better  distribute  the  heavier 
loads  in  addition  to  assisting  the  regular 
stringers  in  carrying  the  loads. 

On  heavy-traffic  main  lines,  one  of  the 
most  frequent  causes  for  tie  renewals  has 
been  tie  plate  "cutting."  This  has  become 
increasingly  evident  with  increases  in  heavy 
wheel  loads.  Most  roads  believe  that  large 
tie  plates  and  tie  pads  are  of  benefit  in  re- 
ducing wear  in  ties,  and  that  in  most  in- 
stances the   cost  of  large  tie  plates   and   tie 


pads  plus  the  cost  of  installation  is  econom- 
ically justified.  It  is  evident  that,  when  ties 
are  being  renewed  on  a  bridge  deck,  the  cost 
of  applying  larger  plates  and  tie  pads  is  very 
little  more  than  the  cost  of  reapplying  the 
tie  plates  which  had  been  removed.  Many 
believe  that  an  increase  of  only  one  year  in 
the  life  of  the  tie  would  make  this  eco- 
nomically feasible. 

Heavy  load  frequency  has  not  changed  the 
type  of  bent  bracing,  either  transversely  or 
longitudinally,  and  most  roads  have  not  had 
any  noticeable  increase  in  end-wise  move- 
ment of  stringers  and  ties  in  the  last  few 
years.  It  is  believed  that  increased  tractive 
and  braking  effort  on  longer  trains  may  ac- 
count for  the  few  instances  of  end-wise  move- 
ment. When  this  occurs,  heavy  application 
of  rail  anchors  on  trestle  approaches,  and 
adding  longitudinal  "hog-jaw"  braces  to  the 
bridge,  may  be  used  to  control  the  move- 
ment. 

Most  railroads  have  not  employed  any  spe- 
cial maintenance  procedures  to  cope  with 
heavy  wheel  loads.  Those  lines  which  have 
adopted  new  methods  for  combatting  the  ef- 
fects of  increased  loads  have  primarily  gone 
to  a  higher  degree  of  inspection  and  mainte- 
nance. This  consists  of  more  frequent  inspec- 
tions by  better  trained  personnel  giving  spe- 
cial attention  to  line  and  surface,  better  sched- 
uling of  routine  repairs,  and  prompt  renewal 
of  questionable  members. 

Undoubtedly,  many  of  the  most  important 
questions  with  regard  to  the  effects  on  timber 
trestles  of  increasingly  heavy  wheel  loads  have 
not  been  answered.  It  is  felt  that  the  subject 
is  a  complex  one  and  that  many  years  of 
study  will  be  required  to  determine  the  ac- 
tual effects  of  these  loads.  As  new  problems 
arise  new  methods  will  be  employed  to  cope 
with  them  so  that  our  developing  technology 
of  increasing  wheel  loads  will  result  in  a 
net  benefit  to  our  companies. 
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Upon  the  adoption  of  new  transportation 
techniques,  such  as  the  movement  of  two  and 
three-deck  auto  racks,  jumbo  tank  cars,  trailers 
on  flat  cars  and  other  higher,  wider  and 
longer  shipments,  it  became  obvious  that 
tunnel  clearances  were  becoming  more  and 
more   critical. 

It  is  also  well  known  that  most  railroad 
tunnels  are  very  old  and  that  problems  of 
maintenance  have  become  increasingly  severe. 
The  passage  of  time  brings  deterioration  in 
most  tunnel  linings,  due  to  such  factors  as 
water,  frost  and  chemical  action,  and  many 
tunnels  have  been  in  service  long  enough 
to  allow  these  agencies  plenty  of  time  in 
which   to  do  their  work. 

Various  railroads  have  solved  the  problem 
of  restrictive  clearances  in  a  variety  of  ways. 
Line  changes  have  been  made,  tunnels  have 
been  daylighted,  lined  tunnels  have  been  en- 
larged and  re-lined,  tracks  have  been  shifted 
and /or  lowered  and  obstructions  have  been 
raised. 

Problems  of  maintenance  have  also  been 
solved  in  a  number  of  ways. 

This  report  is  an  attempt  to  acquaint  you 
with  some  of  the  specific  problems  and  meth- 
ods used  to  solve  them. 

Installation  of  tunnel  lining 

The  installation  of  any  type  of  tunnel  lin- 
ing is  costly,  and  considerable  study  is  war- 
ranted to  determine  the  type  of  lining  most 
suitable  for  each  particular  case.  In  general, 
new  tunnels  today  are  lined  with  concrete  or 
with  steel  plate.  Each  of  these  has  its  ad- 
vantages and  disadvantages  and  these  should 
be  gone  into  thoroughly  before  reaching  a 
decision.  There  are  many  installations  of  each 
type  throughout  the  country  giving  satisfac- 
tory results. 

If  a  permanent  lining  is  to  be  installed 
efficiently  and  economically,  a  detailed  sched- 
ule of  operations  must  be  planned  in  advance 
and  followed  closely.    The  usual  procedure  is 


to  begin  the  installation  at  the  center  of  the 
section  to  be  lined  and  progress  in  both 
directions  to  take  advantage  of  the  two  work- 
ing areas.  The  procedure  at  each  working 
area  should  be  scheduled  to  be  as  nearly  inde- 
pendent of  the  other  as  possible.  All  phases 
of  the  operation  should  be  programmed  in 
time  and  manpower  with  the  aim  of  installing 
a  given  lineal  footage  of  completed  tunnel 
lining  each  day. 

In  tunnels  cut  through  unstable  ground, 
it  most  generally  will  have  been  necessary 
to  install  a  temporary  lining  of  timber,  or 
of  steel  ribs  with  timber  lagging.  Temporary 
lining  in  these  cases  is  almost  always  installed 
with  provision  in  horizontal  and  vertical  di- 
mensions for  placing  a  permament  lining  in- 
side of  it. 

In  the  case  of  concrete  lining,  it  is  im- 
perative that  the  forms  be  so  constructed  that 
an  entire  section  can  be  moved  with  a  mini- 
mum of  time  and  effort.  This  is  sometimes 
accomplished  by  supporting  the  forms  on 
jacks,  which  can  be  lowered  to  allow  moving 
the  form  forward,  and  raised  to  position  it 
for  the  next  section.  The  length  of  the  sec- 
tion will  generally  be  determined  by  the 
volume  of  concrete  that  can  be  mixed,  trans- 
ported and  placed  in  a  given  allotted  time. 
The  concrete  is  usually  placed  in  the  forms  by 
means  of  a  pumpcrete  machine  or  by  an  air- 
placement  machine.  Either  machine  appears 
to  work  satisfactory.  The  use  of  additives 
in  the  concrete  is  common  to  improve  the 
workability  and  in  some  instances  an  additive 
is  used  to  accelerate  the  set  so  forms  can  be 
moved  more  quickly. 

Sometimes  the  lining  is  concreted  in  one 
operation  from  floor  to  crown  to  floor;  but 
more  often  it  is  placed  in  three  operations, 
consisting  of  footing,  sidewalls  and  arch 
ring.  Either  method  should  be  satisfactory 
provided  the  concrete  can  be  properly  placed 
and  compacted.  Concrete  lining  is  usually 
reinforced  and  will  have  a  minimum  thick- 
ness of  12  in.  If  no  reinforcement  is  used, 
the  minimum  thickness  is  usually  18  in.  to 
24  in.  This,  of  course,  can  be  a  disadvantage 
if  it  is  necessary  to  increase  the  size  of  the 
bore  to  get  the  minimum  thickness. 

Steel  plate  lining  may  be  of  flanged  cor- 
rugated plate  placed  in  circumferential  sec- 
tions, or  it  may  be  of  corrugated  structural- 
plate  with  staggered  circumferential  seams. 
There  appears  to  be  no  particular  advantage 
of  one  over  the  other,  except  possibly  where 
closeness  to  the  natural  rock  will  make 
structural-plate  more  difficult  to  bolt  up.  The 
void  between  steel-plate  lining  and  natural 
tunnel  roof  and  sidewalls  must  be  filled  as 
completely  as  possible  in  order  that  the  lin- 
ing will  function  properly.  This  is  usually 
done  by  placing  concrete  or  grout  by  means 
of  a  pumpcrete  machine,  air  placer  or  grouter. 

Assuming  that  a  steel-plate  liner  is  ac- 
cepted as  the  equal  of  a  concrete  lining,  inso- 
far as  strength  and  projected  service  life  is 
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concerned,  it  is  usually  a  matter  of  economics 
as  to  which  will  be  placed.  This  is  generally 
determined  by  the  cost  of  concrete  or  grout 
required  to  fill  the  void  between  natural  rock 
and  steel  plate,  as  compared  with  the  cost  of 
the  over-excavation  required  for  a  concrete 
lining.  When  a  lining  is  to  be  installed  under 
traffic,  a  steel  lining  has  the  advantage  of  not 
requiring  a  temporary  minimum  clearance 
since  no  forms  are  involved. 

Lining  a  newly  excavated  tunnel,  or  one 
where  traffic  has  been  rerouted,  allows  the 
use  of  special  techniques,  and  longer  sections 
of  lining  can  be  placed.  One  of  our  south- 
eastern roads  recently  lined  a  tunnel  by  means 
of  a  retractable  form  mounted  on  a  standard 
50-ft  flat  car.  The  form  was  fabricated  in 
two  sections,  with  a  pivotal  connection  at 
the  top,  all  supported  on  a  frame  work  of 
tubular-steel  scaffolding  and  timber  bents. 
Horizontal  and  vertical  adjustments  were 
made  by  means  of  screw  jacks.  The  car  was 
blocked  solidly  from  the  tunnel  floor  to 
prevent  settlement  during  the  pouring  opera- 
tion. 

This  lining  was  placed  in  50-ft  sections  and 
walls  and  arch  ring  were  poured  at  the  same 
time.  Openings  were  provided  in  the  sides 
of  the  form  at  8  ft  above  floor  line  and  at 
the  spring  line  for  inserting  pumpcrete  sup- 
ply lines  and  vibrators,  and  for  inspection. 

Maintenance  of  unlined  tunnels 

Of  first  importance  in  the  maintenance  of 
unlined  tunnels  is  proper  inspection  at  fre- 
quent intervals.  Every  unlined  tunnel  should 
be  inspected  at  least  twice  yearly,  in  the 
spring  and  in  the  fall.  Once  each  year, 
preferably  in  the  spring,  every  unlined  tunnel 
should  be  inspected  from  an  elevated  position, 
such  as  a  scaffold  on  push  car,  highway- 
railway  truck  or  other  such  equipment.  Dur- 
ing this  inspection,  the  roof  and  sides  of  the 
tunnel  should  be  prodded  and  probed  with 
scaling  bars  to  remove  all  obviously  loose 
rock,  and  areas  of  potential  future  trouble 
should  be  marked  so  that  remedial  measures 
may  be  taken. 

One  method  used  frequently  to  forestall 
future  troubles  from  rock  falls  is  installation 
of  rock  bolts.  Conditions  in  individual  tun- 
nels will  vary,  but  in  general,  rock  bolts 
should  be  installed  at  3-ft  to  5-ft  centers.  The 
length  should  be  determined  by  test  drilling 
the  area  to  be  bolted  to  find  the  depth  at 
which  good  anchorage  in  solid  rock  will  be 
obtained.  An  examination  of  the  rock  strata 
in  the  approach  cuts  to  the  tunnel  will  give 
the  approximate  depth;  but  the  final  determi- 
nation should  be  from  close  observation  of 
the  drilling,  noting  the  location  of  bedding 
planes  and  thickness  of  the  strata  by  the 
color  of  the  cuttings  and  hardness  of  the 
drilling.  The  minimum  length  of  bolt  should 
be  that  which  will  insure  having  the  anchor- 
age at  least  one  foot  above  a  theoretical  arch 
line,  where  the  crown  of  the  arch  to  spring 


line  is  roughly  one-third  of  the  span  width. 

As  a  matter  of  economy  and  efficiency, 
the  drilling  should  be  done  with  a  stoper 
drill  or  jackhammer  with  air  jackleg.  The 
hole  diameter  will  depend  on  the  type  of 
anchorage  to  be  used  and  the  hardness  of 
the  rock.  It  is  recommended  that  a  few 
test  holes  be  drilled  to  determine  the  proper 
size  hole  before  going  into  mass  production. 

Anchorage  strength  of  rock  bolts  in  dif- 
ferent types  of  rock  varies  widely.  A  mini- 
mum of  three  tons  anchor  strength  should 
be  aimed  for.  There  is  a  rule  of  thumb 
method  for  insuring  this  minimum  strength, 
which  is:  Minimum  anchor  strength  in 
pounds  equals  torque  in  foot-pounds  times  50 
plus  or  minus  1,000  lb.  Thus,  if  150  foot- 
pounds of  torque  is  applied  in  tightening  the 
rock  bolt,  the  minimum  anchor  strength  is 
6,500  lb  to  8,500  lb.  Maximum  anchor 
strength  is  obviously  greater  than  this  and 
this  added  strength  may  be  considered  a 
safety  factor. 

In  1950,  one  of  our  southeastern  roads 
was  faced  with  the  problem  of  replacing  a 
timber  lining  in  a  2,600-ft  tunnel  bored 
thru  a  sandstone  formation.  The  critical  por- 
tion of  the  tunnel  was  770  ft  long  and  it 
was  estimated  that  a  concrete  lining  for 
this  section,  even  at  a  very  conservative  cost 
of  $400  per  lineal  foot,  would  cost  approxi- 
mately S  300,000.  In  view  of  this,  a  test 
installation  of  roof  bolts  was  made  and  it 
was  determined  that  the  bolts  would  safely 
support  the  roof  and  that  the  entire  tunnel 
could  be  roof  bolted  for  an  estimated  cost 
of  $27,000. 

Holes  were  drilled  with  a  stoper  drill 
mounted  on  a  scaffold  car  equipped  with 
roller  bearing  wheels  that  could  be  pulled 
with  a  motor  car.  This  rig  could  drill  a 
l!/4-in  hole  at  approximately  two  feet  per 
minute.  The  depth  of  the  holes  varied  from 
4  ft  to  8  ft.  When  the  desired  depth  was 
reached,  1-in  slotted-end  roof  bolts  were  in- 
stalled and  6-in  by  6-in  by  %-in  plate 
washers  and  nuts  were  placed  and  tightened 
with  an  impact  wrench.  The  exposed  end 
was  given  an  asphaltic  protective  coating. 
Bolts  were  installed  generally  at  4-ft  centers, 
but  closer  if  conditions  required  it.  The  in- 
stallation was  made  13  years  ago.  No  main- 
tenance has  been  required  and  recent  inspec- 
tion shows  the  roof  to  still  be  firm  and 
solid. 

Even  though  a  tunnel  may  be  cut  through 
structurally  sound  rock,  there  will  be  bedding 
planes,  crevices,  faults,  variation  in  depth  of 
rock  strata  and  isolated  soft  spots,  and  some 
rock  on  exposure  to  the  air  will  flake,  chip 
and  spall.  After  the  installation  of  rock  bolts, 
as  required,  in  such  areas,  welded  wire  mesh 
should  be  securely  fastened  to  bridge  the 
areas  between  bolts  and  shotcrete  should  then 
be  placed.  The  shotcrete  should  be  applied 
with  the  object  of  filling  all  cracks,  crevices, 
and  fissures  to  the  end  that  natural  arch  ac- 
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tion  will  be  restored  as  nearly  as  possible. 
The  shotcrete  cannot  be  expected  to  add 
strength  to  the  natural  rock  structure,  but 
it  will  help  to  prevent  loss  of  strength 
through  the  elimination  of  progressive  rock 
falls.  Areas  of  soft  rock  pockets  and  where 
fallouts  have  formed  overhanging  sidewalls, 
may  be  similarly  repaired. 

In  the  case  of  a  tunnel  where  the  roof 
slab  is  sound,  but  the  sidewalls  are  subject 
to  progressive  fallouts  which  produce  over- 
hangs and  wide  spans,  concrete  support  walls 
can  be  placed.  These  should  be  keyed  into 
good  rock  at  top  and  bottom  and  reinforced 
as  a  column.  If  the  support  wall  is  placed 
as  a  jacket  on  the  natural  rock,  it  should  be 
anchored  by  installing  expansion-type  anchors 
drilled  to  a  depth  of  at  least  feet  or  to  solid 
rock. 

Maintenance  of  tunnel  lining 

The  six  most  common  types  of  tunnel 
lining  are  timber,  stone,  brick,  concrete,  shot- 
crete and  steel  plate. 

Linings  of  concrete,  shotcrete  and  steel 
plate  are  of  comparatively  recent  construction, 
and  to  date  have  not  presented  any  par- 
ticularly difficult  maintenance  problems. 
Therefore,  this  discussion  will  be  limited  to 
the  maintenance  of  linings  constructed  of 
timber,   stone  and  brick. 

It  can  be  stated  in  general  that  the  con- 
dition of  most  lining  is  proportioned  to  its 
age,  i.e.,  the  older  the  lining,  the  poorer  its 
condition.  It  is  also  generally  true  that  the 
older  the  lining,  the  more  scant  is  the  avail- 
able information  of  its  details,  particularly 
the  extent  of  the  voids  behind  it  and  the 
condition  of  the  natural  ground.  Because  of 
this  general  lack  of  information,  no  tunnel 
lining  should  be  allowed  to  deteriorate  to 
the  point  where  major  repairs  or  renewal 
are  necessary. 

Most  timber  lining  was  originally  installed 
either  as  a  temporary  measure  or  for  reasons 
of  economy.  Many  tunnels,  at  the  time  they 
were  excavated,  required  some  type  of  tem- 
porary lining  as  a  measure  of  protection 
against  rock  falls  and  cave-ins  and  timber 
was  the  material  most  readily  available  at 
the  least  cost.  Such  lining,  in  general,  con- 
sists of  heavy  timber  frames  installed  at  2-ft 
to  5-ft  centers,  lagged  with  smaller  dimension 
timber  or  poles  and  backfilled  with  spalls. 
In  those  tunnels  where  timber  lining  is  being 
maintained,  it  is  usually  a  matter  of  replace- 
ment of  individual  bad  timbers  with  new. 
Timber  lining  will  generally  deteriorate  first 
at  connection  points  and  these  should  be 
given  close  and  frequent  inspection.  All  tim- 
ber should  be  sounded  for  heart  rot.  To 
replace  an  entire  length  of  timber  which 
may  be  20  ft  or  more  long,  because  of  rot 
or  softening  at  the  ends,  is  an  expensive  and 
tedious  job. 

About  three  years  ago,  one  of  our  eastern 
railroads   was  faced  with   a  problem   of  this 


nature  in  a  3,600  ft  tunnel,  of  which  2,700 
ft  had  been  lined  with  untreated  timber  13 
years  previously.  Since  replacement  of  the 
lining  would  have  been  a  very  expensive 
proposition,  it  was  decided  to  try  an  in-place 
preservative  treatment  instead.  This  consisted 
of  thoroughly  soaking  all  exposed  surfaces 
of  the  timber  with  a  preservative  and  inject- 
ing the  preservative  under  pressure  into  de- 
cayed areas  through  holes  bored  for  the 
purpose.  A  complete  and  systematic  inspec- 
tion was  made  beforehand  by  sounding  and 
by  boring  test  holes.  This  treatment  is  ex- 
pected to  prolong  the  life  of  the  timber  10 
years  or  more. 

One  of  our  western  roads  reports  that  of 
its  approximately  43  miles  of  tunnels,  16 
miles  were  originally  lined  with  timber  which 
is  progressively  being  replaced. 

Where  clearances  and  ground  conditions 
will  permit,  short  sections  of  timber  are  re- 
moved, movable  steel  forms  are  placed  and 
concrete  is  pumped  into  place. 

Where  ground  conditions  will  not  permit 
complete  removal  of  the  timber,  concrete 
ribs  are  constructed  between  timber  frames. 
When  this  concrete  has  cured,  the  timber 
frames  are  removed  and  replaced  with  con- 
crete. 

Some  lining  has  also  been  replaced  by 
installing  steel  H-beam  frames  between  tim- 
ber sets,  placing  reinforcement  and  applying 
a  minimum  of   4   in  of   shotcrete. 

This  road  reports  that  during  the  past  two 
years  3,200  ft  of  timber  lining  has  been 
removed  and  the  natural  tunnel  roof  shot- 
creted;  and  that  2,800  ft  of  timber  lining 
has  been  replaced  with  steel  bents  and  rein- 
forced shotcrete. 

Deterioration  in  lining  constructed  of  stone 
and/or  brick  and  the  resulting  maintenance 
repairs  are  very  similar  and  will  be  discussed 
as  one  topic. 

Some  of  the  more  common  types  of  de- 
terioration are  fallouts  from  loss  of  mortar, 
bulging  from  uneven  wall  pressures,  spalling 
from  freeze-thaw  action,  erosion  from  stack 
blast  and  surface  failure  from  age. 

Fallouts  from  an  arch  ring  can  be  replaced 
by  relaying  new  brick  or  cut  stone.  But 
satisfactory  results  are  almost  impossible  to 
obtain  without  using  a  supporting  form, 
which  is  generally  not  practical  because  of 
clearances.  A  more  common  method  is  to 
install  anchors,  either  expansion-type  or  those 
employing  an  explosive  force,  fasten  1 4  in 
round  rods  and  welded  wire  mesh  and  re- 
place the  fallout  with  shotcrete.  By  applying 
the  shotcrete  in  layers  approximately  1  in 
thick  with  a  time  lapse  between,  it  is  pos- 
sible to  build  up  as  much  as  8  in  of  shotcrete 
to  replace  two  courses  of  brick  or  more  in  a 
relatively  short  time.  An  arch  ring  deterior- 
ated from  age  and /or  stack  blast  can  be 
completely  resurfaced  in  this  manner.  A  pre- 
requisite to  the  shotcreting  is  a  thorough 
cleaning    of    the    repair    area    by    means    of 
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sandblast  and  waterblast  and  a  thorough  soak- 
ing. It  also  would  be  desirable  in  some  cases 
to  use  a  bonding  agent. 

Bulged  sidewalls  can  be  restrained  from 
further  movement  by  means  of  rock  bolts. 
The  installation  procedures  and  techniques 
for  this  are  the  same  as  outlined  in  the  dis- 
cussion on  maintenance  of  unlined  tunnels, 
covered  elsewhere  in  this  report. 

Many  tunnel  linings  consist  of  a  brick 
arch  ring  supported  on  rubble-stone  bench 
walls.  It  is  not  uncommon  for  the  bench 
walls  to  fail  first.  When  this  occurs,  repairs 
can  be  made  by  replacing  the  stone  support 
walls,  either  with  concrete  or  shotcrete.  The 
arch  ring  can  be  supported  by  removing 
stone  masonry  as  necessary  for  the  installa- 
tion of  vertical  rails  or  H-beam  posts  at  ap- 
proximately 5  ft  center  to  center.  The  posts 
should  be  capped  at  top  and  bottom  with 
steel  plates,  and  firm  bearing  may  be  ob- 
tained by  driving  steel  wedges  or  by  the 
use  of  quick-setting  mortar.  When  all  posts 
are  in  place,  the  remaining  poor  stone  mas- 
onry may  be  removed  and  anchors  and  rein- 
forcement may  be  placed.  The  choice  of 
concrete  or  shotcrete  for  these  repairs  will 
usually  be  determined  by  the  size  and  depth 
of  the  repair  area  and  the  limitations  as  to 
side  clearance. 

Increasing  clearances 

Three  general  methods  have  been  used  to 
obtain  increased  clearances  in  tunnels.  These 
are:  (1)  Lowering  track,  (2)  day-lighting, 
and   (3)   enlargement. 

The  method  used  is  usually  determined 
by  factors  peculiar  to  each  particular  tunnel. 
Each  method  will  be  discussed  as  a  separate 
topic. 

Lowering  track 

More  roads  have  improved  overhead  clear- 
ances in  tunnels  by  lowering  track  than  by 
any  other  method,  because  it  is  the  most 
economical  by  far  and  generally  is  the  surest 
and  safest  way.  This  is  true,  even  in  those 
cases  where  a  solid  rock  floor  is  encountered. 

When  advance  exploration  indicates  that 
a  solid  rock  floor  must  be  lowered,  it  has 
been  common  practice  to  re-route  traffic,  re- 
move the  track  and  conduct  the  entire  track- 
lowering  operation  on  an  around-the-clock 
basis. 

The  preliminary  exploration,  of  course, 
must  be  complete  enough  to  determine  the 
best  way  of  lowering  the  floor.  It  may  re- 
quire drilling  and  blasting;  or  a  ripper  might 
be  necessary  or  it  might  require  only  an  end 
loader  with  teeth.  Which  method  is  to  be 
used  must  be  determined  in  advance  so  ar- 
rangements can  be  made  to  have  the  proper 
equipment  on  hand  and  to  calculate  the  time 
the  track  will  be  out  of  service. 

If  the  tunnel  has  a  lining,  investigation 
must  be  made  to  determine  if  the  new 
tunnel   floor  will  be   below  the  base   of  the 


lining  and,  if  so,  what  steps  are  necessary 
to  protect  it. 

One  road  lowered  the  floor  of  a  1,330-ft 
brick-lined  tunnel  26  in.  in  8  days,  working 
three  shifts.  Two  months  of  preliminary 
work  under  traffic  was  necessary  in  construc- 
tion of  concrete  curb  walls  to  protect  the 
base  of  the  lining.  When  the  track  was  taken 
out  of  service,  the  rails  were  laid  along  the 
sides,  ties  were  bundled  and  removed,  rippers 
were  used  to  loosen  the  old  ballast  and  tear 
up  the  sandstone  rock  floor  to  the  required 
depth,  and  end  loaders  were  used  to  load 
the  excavated  rock  and  ballast.  On  comple- 
tion of  the  lowering  operation,  concrete  struts 
were  constructed  at  12-ft  intervals  to  act  as 
spreaders  between  the  curb  walls;  new  ties 
were  laid  in  the  tunnel  and  good  secondhand 
ties  in  the  approaches;  and  the  rail  was  re- 
laid  and  new  ballast  placed.  The  work  was 
accomplished  and  traffic  restored  in  8  days 
at  a  cost  of  approximately  $117  per  lineal 
foot   of   tunnel. 

The  track  in  many  tunnels  has  been  low- 
ered by  merely  removing  excess  ballast  that 
has  accumulated  through  the  years.  The  work 
is  usually  done  with  cribbing  machines  and 
an  undercutter. 

Advance  preparation  consists  of  stripping 
the  cribs  and  excavating  a  ditch  at  the  end 
of  the  ties  to  receive  the  undercuttings.  Un- 
dercutting is  then  carried  out  by  a  continuous 
chain  carrying  digging  and  clearing  tools 
which  move  in  a  guide  at  high  speed  under 
the  ties  at  right  angles  to  the  center  line  of 
track  and  sweep  the  dirt  and  ballast  into  the 
previously  excavated  ditch  where  it  is  picked 
up  and  loaded.  An  undercutter  will  remove 
3  in  to  6  in  or  more  of  old  ballast  in  one 
pass,  depending  on  how  badly  it  is  cemented 
together.  The  machine  can  be  uncoupled  to 
clear  for  traffic  in  a  few  minutes. 

Undercutting  leaves  a  smooth,  unballasted 
roadbed  which,  with  proper  run-off,  can  be 
operated  over  immediately  under  a  slow  or- 
der. Average  progress  appears  to  be  400  ft 
to  600  ft  per  hour  for  each  pass.  One  road 
reports  an  average  cost  of  $5.07  per  cubic 
yard  for  undercutting  and  removing  28  in 
of  ballast  in  a  tunnel. 

Day  lighting 

Davlighting,  or  open  cutting,  is  the  most 
desirable  way  of  improving  tunnel  clearances, 
but  unfortunately  it  is  practical  only  under 
special  conditions  and  is  usually  more  ex- 
pensive than  lowering  track.  Modern  equip- 
ment for  moving  earth  and  rock  and  new 
techniques  of  blasting  have  been  the  prin- 
cipal factors  conducive  to  daylighting. 

In  giving  consideration  to  open  cutting  a 
tunnel,  the  depth  and  type  of  over-burden 
are  critical  factors.  Some  roads  have  found 
that  the  unit  cost  of  excavation  remains  the 
same  for  widely  variant  types  of  material 
from  common  earth  through  soft  sandstone, 
with    a   moderate   increase    in    unit    cost    for 
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excavation  of  the  class  of  soft  thtough  me- 
dium sandstone,  and  a  sharp  increase  when 
the  excavation  is  to  be  hard  rock.  The  total 
cost  of  excavation  will  be  determined  by  its 
volume.  Therefore,  the  slopes  of  the  exca- 
vation become  increasingly  important,  because 
they  determine  the  volume. 

The  most  common  method  of  determining 
the  slopes  suited  to  a  particular  cut  is  by 
examination  of  similar  cuts  through  the  same 
type  of  material,  either  in  the  approach  cuts 
to  the  tunnel  or  in  highway  approach  cuts 
nearby.  If  such  a  cut  has  stood  for  as  little 
as  five  years  without  developing  slides,  it 
is  safe  to  assume  that  it  will  stand  so  for 
many  more  years. 

The  trend  recently  in  open  cutting  leans 
toward  almost  vertical  faces  with  rather  nar- 
row benches  at  changes  in  rock  strata. 

Over-break  and  shattering  can  be  reduced 
to  a  minimum  by  the  pre-split  method  of 
blasting  which  has  been  used  successfully 
for  the  excavation  of  some  very  deep  cuts 
at  costs  commensuate  with  tunneling.  In 
most  cases,  this  method  of  blasting  produces 
a  clean,  smooth  rock  face  requiring  only  a 
minimum  of  scaling  for  many  years.  Pre- 
splitting  requires  special  techniques  and  a 
thorough  knowledge  of  blasting  and  should 
not  be  attempted  by  an  amateur.  Most  manu- 
facturers of  explosives  will  be  glad  to  offer 
their  services  and  recommend  a  blasting 
technician. 

Many  tunnels  with  overburden  of  100  ft 
or  less  have  been  daylighted  using  standard 
earthmoving  equipment.  One  such  tunnel  in 
the  south,  constructed  in  I860,  consisted  of 
a  circular  five-course  brick  barrel  installed 
through  a  soft  sandstone  formation.  The 
contractor  who  did  the  job  on  a  unit  price 
basis  elected  to  use  bulldozers,  scrapers  and 
a  ripper  to  remove  the  overburden  down  to 
the  brick  barrel,  and  when  this  had  been 
done  for  the  426  ft  length  of  tunnel,  traffic 
was  re-routed  for  approximately  28  hours 
while  the  brick  was  blasted  down  and  re- 
moved. The  work  involved  the  removal  of 
approximately  63,000  cu  yd  of  earth,  rock 
and  brick  lining  for  a  unit  cost  of  approxi- 
mately $1.50  per  cu  yd. 

Enlargement 

The  enlargement  of  tunnels  as  a  means  of 
improving  clearances  is  usually  undertaken 
as  a  last  resort,  after  it  has  been  determined 
that  neither  lowering  the  track  nor  daylight- 
ing  is  feasible,  inasmuch  as  it  is  the  most  ex- 
pensive, involves  the  most  uncertainties,  and 
requires  the  most  time. 

Unlined  tunnels  do  not  present  any  par- 
ticular difficulties  to  enlargement,  but  a 
study  should  be  made  of  the  rock  strata  to 
insure  that  the  enlargement  will  not  expose 
a  poor  grade  of  rock  that  will  cause  future 
troubles.  It  is  sometimes  advisable  to  secure 
the  services  of  a  geologist  or  local  mining 
expert  to  determine  this. 


Lined  tunnels  present  the  most  difficulties 
to  enlargement,  primarily  because  of  the  un- 
certainty as  to  what  conditions  are  behind 
the  lining,  and  as  to  what  will  be  required 
in  the  way  of  temporary  lining  and  new 
permanent  lining. 

Most  old  tunnel  lining  consists  of  brick 
or  stone  masonry  or  timber  and  was  back- 
filled when  constructed  to  fill  the  void  be- 
tween it  and  the  natural  rock  line.  The  extent 
of  the  void  is  usually  very  indefinite.  Pre- 
liminary explorations  should  be  made  by  cut- 
ting holes  through  the  lining  and  the  infor- 
mation obtained  in  this  manner  will  be  very 
helpful,  but  true  conditions  will  not  be 
known  until  the  actual  removal  is  begun. 
The  best  policy  is  to  prepare  in  advance  for 
the  worst  and  hope  for  the  best. 

Various  methods  have  been  used  in  the 
removal  of  old  lining.  One  road  faced  with 
enlarging  a  lined  tunnel  under  traffic  found 
that  the  longest  working  period  in  any  one 
day  was  quite  often  as  little  as  one  hour  and 
never  more  than  three  hours.  This,  of  course, 
hardly  left  time  to  place  the  explosives  and 
set  them  off,  much  less  clear  the  debris  for 
passage  of  trains,  so  two  methods  were  de- 
vised whereby  it  would  be  necessary  to  spend 
only  a  minimum  of  time  clearing  for  traffic 
after  blasting. 

For  the  removal  of  brick  arch  ring  and 
rubble  stone  fill  above  it,  a  low-side  steel 
gondola  was  fitted  with  timber  sideboards 
that  could  be  laid  out  against  the  sides  of 
the  tunnel  when  the  car  was  in  position  and 
blocked.  The  brick  lining  was  then  blasted 
loose,  four  lineal  feet  at  a  time,  and  allowed 
to  fall  directly  into  the  car.  When  the  dust 
cleared  and  the  explosives  technician  gave 
the  all  clear,  the  sideboards  were  removed 
and  the  tunnel  could  be  cleared  for  passage  of 
trains   in  a  matter  of  minutes. 

In  the  removal  of  natural  rock  from  the 
roof,  the  size  of  rock  slabs  blasted  loose 
could  not  be  predicted  and,  in  order  to  dam- 
age the  car  as  little  as  possible,  a  standard 
flat  car  was  floored  solid  with  7-in  by  16-in 
stringers  on  edge  crossways  of  the  car,  and 
cut  to  a  length  that  would  just  clear  the 
sides  of  the  tunnel.  A  stringer  was  also' 
fastened  along  each  edge  to  act  as  a  side- 
board. After  the  car  was  positioned  and 
blocked,  the  natural  rock  was  blasted  loose 
and  allowed  to  fall  directly  onto  this  car. 
It  was  later  transferred  to  a  gondola  for  ship- 
ment or  unloaded  to  widen  embankment  with 
a  crane  and  clamshell  bucket. 

The  particular  enlargement  project  in- 
volved a  tunnel  850  ft  long,  of  which  ap- 
proximately 230  ft  were  lined  with  a  three- 
course  brick  arch  ring  on  rubble-stone  bench- 
walls.  Approximately  1,200  cu  yd  of  old 
lining  and  rubble  fill  were  removed  for  an 
average  cost  of  Si 5.00  per  cu  yd.  Approxi- 
mately 415  cu  yd  of  solid  rock  were  removed 
from  the  roof  and  sidewalls  at  an  average 
cost  of  $38.00  oer  cu  vd. 
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This  enlargement  also  included  construc- 
tion of  260  cu  yd  of  concrete  in  support 
walls  and  a  portal,  installation  of  400  roof 
bolts  and  approximately  10,400  sq  ft  of  shot- 
crete  work.  The  overall  project  cost  was 
$113,000  for  an  average  cost  of  $133-00  per 
lineal  foot.  The  tunnel  was  enlarged  to  a 
minimum  overhead  clearance  of  20  ft  0  in. 
The  enlargement  required  100  working  days 
to  complete.  An  average  of  3  hours  out  of 
every  8  was  lost,  due  to  clearing  trains. 

Inasmuch  as  there  were  private  business 
establishments  located  only  100  ft  from  one 
portal  of  the  tunnel,  and  private  residences 
on  the  top  of  the  hill  through  which  the 
tunnel  was  bored,  150  ft  above  the  track, 
which  could  have  been  damaged  during  blast- 
ing operations,  it  was  thought  advisable  to 
carry  public  liability  and  property  damage 
insurance  in  the  amounts  of  $250,000/ 
1,000.000  and  S250,000/500,000.  The  total 
premium  cost  of  this  insurance  coverage  for 
the  entire  enlargement  was  $12,500  or  ap- 
proximately 11%  of  the  project  cost. 

Conclusions 

In  the  analysis  of  information  gathered  in 


connection  with  the  preparation  of  this  re- 
port, one  fact  has  been  brought  out  quite 
clearly.  There  is  no  standard  criterion  to 
follow,  insofar  as  the  installation  and  mainte- 
nance of  tunnel  lining  and  increasing  clear- 
ances in  tunnels,  is  concerned. 

It  is  apparent  that  each  railroad  has 
analyzed  its  tunnel  problems  on  an  indi- 
vidual tunnel  basis,  with  no  attempt  at  uni- 
formity in  either  methods  or  working  di- 
mensions. 

Maintenance — work  in  tunnels  is  very  ex- 
pensive and  warrants  a  considerable  amount 
of  advance  study  and  planning  to  insure  that 
the  repairs  to  be  made  are  adequate  and 
long  lasting  and  do  not  reduce  clearances. 

Extensive  clearance  improvement  programs 
on  main-line  districts  of  many  railroads  have 
resulted  in  new  overhead  clearances  varying 
between  17  ft  6  in  and  20  ft  0  in.  Very 
few  have  resulted  in  standard  overhead  clear- 
ance of  22  ft  0  in.  From  this,  the  assump- 
tion can  be  made  that  most  railroads  have 
overhead  obstructions  that  cannot  be  changed 
without  very  great  expenditures  which  can- 
not be  justified  at  this  time  or  at  any  time 
soon. 
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Heating  of  railway  buildings  is  as  old  as 
the  railways  themselves,  but  today  we  find  it 
necessary  to  install  more  sophisticated  systems 
of  heating,  air  conditioning,  ventilating  and 
insulating  to  satisfy  modern  man  and  ma- 
chines. 

Great  strides  have  been  made  from  the  pot 
belly  stove  to  the  modern  heating-air  condi- 
tioning-ventilating systems  that  provide  con- 
stant temperature,  humidity  control  and  filtra- 
tion of  air. 

We  can  only  deal  with  the  major  advances 
in  this  vast  field  in  this  report. 


HEATING 

High-pressure  steam  still  has  its  applica- 
tions in  heating  of  railway  buildings,  al- 
though it  is  not  as  popular  as  it  formerly  was 
when  it  was  necessary  to  maintain  large  power 
plants  at  steam-locomotive  engine  terminals. 

High-pressure  steam  is  more  suited  for 
larger  shop  heating  and  where  long  runs  are 
necessary.  It  is  usually  used  in  blast  heaters 
or  unit  heaters.  High-pressure  steam  is  not 
suitable  for  radiation  in  offices.  It  should  be 
reduced  for  use  in  radiators  by  use  of  a  re- 
ducing valve. 
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High-pressure  steam  may  be  produced  by 
water  tube,  horizontal  return  tube,  scotch 
marine,  fire  tube,  or  flash  boilers.  During 
the  past  decade  there  have  been  improvements 
in  the  development  of  the  packaged  unit 
boiler,  in  the  range  of  10  to  600  hp  in  the 
fire-tube  type,  and  larger  sizes  in  the  water- 
tube  type.  These  boilers  have  become  very 
popular  as  they  come  equipped  with  burners 
and  all  necessary  controls  installed  at  the  fac- 
tory. This  provides  a  more  economical  and 
faster  installation  and  places  the  responsibility 
on  one  manufacturer.  Flash-type  boilers,  sim- 
ilar to  diesel-locomotive  boilers,  have  been 
used  to  generate  steam  for  building  heating. 
These  are  complicated  boilers  and  must  be 
provided  with  the  proper  water  treatment  and 
maintenance.  The  coils  are  prone  to  burn  out 
unless  frequently  washed  out. 

Many  improvements  have  been  made  in 
electric  boiler-feed  pumps,  water  make-up 
systems  and  deaerators. 

It  is  often  possible  to  modernize  high- 
pressure  steam  systems,  and  at  the  same  time 
reduce  operating  expenses  by  installation  of 
automatic-gas  or  oil-fired  burners. 

With  the  introduction  of  motorized  valves, 
with  thermostatic  controls  it  is  possible  to 
zone  a  steam  system  so  that  different  tem- 
peratures may  be  maintained  in  various  areas. 
This  will  reduce  the  overheating  that  was 
common  in  older  systems,  and  thus  reduce 
operating  casts. 

The  proper  water  treatment  and  air  elim- 
ination is  of  the  utmost  importance  in  re- 
ducing maintenance  of  steam-heating  systems, 
and  especially  in  preventing  failure  of  return 
lines. 

Some  railroads  have  found  that  the  copper- 
tube  finned  coils  in  blast  heaters  and  unit 
heaters  have  corroded  and  failed  within  a 
matter  of  a  few  years  when  installed  in  exist- 
ing systems  with  improper  water  treatment. 
The  older  type  cast-iron  cores  in  blast  or  unit 
heaters  have  longer  life  when  exposed  to  poor 
water  conditions. 


Low-pressure  steam 

Low-pressure  (15  psi  or  less)  steam  is 
suitable  for  small  and  medium  sized  build- 
ings. It  is  not  being  used  on  new  installations 
to  the  extent  that  it  was  in  former  years. 

The  improvements  made  in  low-pressure 
systems  during  recent  years  consist  principally 
of  conversion  to  automatic  firing  with  gas  or 
oil,  thus  eliminating  the  fireman  and  coal 
and  ash  handling.  Many  years  of  satisfactory 
service  can  be  gained  from  these  existing  sys- 
tems by  this  type  of  conversion.  Automatic 
firing  requires  thermostatic  controls  and,  in 
some  cases,  zone  controls.  These  provide  a 
more  even  heat,  reduce  over-heating  and  thus 
provide  lower  fuel  costs.  One  railroad  reports 
that  heating  costs  were  reduced  from  $2000 
per  year  to  $1200  per  year  upon  the  installa- 
tion of  a  gas-fired  boiler  and  four  thermo- 
statically controlled  zones. 

Packaged  unit  steam  boilers  are  success- 
fully used  for  larger  installations.  Cast-iron 
sectional,  or  steel  boilers  are  suitable  for 
smaller  heating  systems. 

Copper-tube  finned  radiation  is  being  pro- 
moted by  the  manufacturers  rather  than  cast- 
iron  radiation  because  of  its  better  appear- 
ance and  light  weight.  However,  cast  iron 
holds  heat  longer  for  more  even  heating,  and 
is  not  as  subject  to  corrosion. 

Water  treatment  in  the  small  closed  low- 
pressure  system  is  not  as  great  a  problem  as 
in  large  high-pressure  systems. 

Hot  water — Gravity 

Gravity  hot-water  heating  systems  are  no 
longer  being  installed.  They  can  be  modern- 
ized by  installation  of  automatic  firing,  ther- 
mostatic control,  and   booster  pumps. 

Hot  water — forced 

Forced  hot-water  heating  systems  have  been 
developed  for  small  one-zone  systems  to  large 
multi-zone  systems  during  the  past  few  years. 
They  have  proved  to  be  a  very  satisfactory 
method  for  building  heating,  and  have  sup- 
planted steam  in  many  new  buildings. 

Many  types  of  boilers  such  as  cast-iron  sec- 
tional, steel,  and  packaged  units  may  be  used. 
A  wide  variety  of  pumps,  fittings  and  controls 
are  available. 

Blast  heaters,  unit  heaters,  convectors,  radi- 
ators, and  baseboard  units  of  finned  tube  or 
cast  iron  all  may  be  used  with  forced  hot- 
water  systems.  This  provides  the  designer 
with  a  wide  choice  of  heating  methods. 

The  piping  may  be  done  in  a  number  of 
ways  from  the  simple  one-pipe  loop  to  com- 
plicated multi-zone  systems  with  supply  and 
return  pipes. 

Due  to  the  system  being  closed  there  is  a 
minimum  amount  of  make-up  water,  and 
water  treatment  may  often  be  omitted  in  the 
smaller   systems. 

Hot  air — Furnace  and  duct  systems 
These  systems   are  suitable   for   the   small 
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installation  using  a  complete  furnace  unit 
with  built  in  blower  of  sizes  up  to  200,000 
Btu's  to  larger  furnace  systems  with  separate 
blowers.  These  systems  can  also  use  the  same 
fan  and  ductwork  for  air  conditioning. 

Gravity  systems  are  no  longer  being  in- 
stalled, being  superseded  by  furnaces  with 
blower  fans. 

Since  the  advent  of  the  basementless 
buildings,  reverse-flow  furnaces  have  been 
developed  with  the  perimeter  duct  system  lo- 
cated beneath  the  floor  and  with  registers 
usually  under  the  windows. 

Several  railroads  have  used  this  type  of 
heating  system   for   heating   small    buildings. 

During  the  past  few  years  gas-fired  duct 
furnaces  have  been  developed  that  can  be 
fitted  into  a  duct,  and  hung  overhead,  thus 
not  using  valuable  floor  space.  They  also 
are  being  used  in  connection  with  air-condi-' 
tioning  systems  to  provide  heating  in  the  air- 
conditioning  ductwork  in  winter,  and  re-heat- 
ing cooled  air  in  summer  for  zone  or  humid- 
ity control. 

Hot  air — Direct-fired  units 

The  simplest  direct-fired  units  are  the  oil 
or  gas-fired  floor-mounted  space  heaters  or 
suspended  unit  heaters.  They  are  available 
in  a  wide  range  of  sizes.  These  units  have 
supplanted  the  old  coal  stove  at  most  loca- 
tions as  they  do  not  require  attention  and  are 
cleaner.  They  can  be  utilized  most  econom- 
ically in  small  stations,  section  tool  houses, 
yard  offices  and  welfare  buildings  where  it 
is  necessary  to  keep  plumbing  from  freezing 
when  buildings  are  unattended  for  several 
days. 

Wall  furnaces  are  suitable  also  for  the 
small  structure.  Thev  are  available  in  sizes 
from  28,000  to  65,000  Btu's  and  are 
equipped  with  blowers  capable  of  moving 
from  150  to  200  cfm  of  warm  air.  They  can 
be  single-wall  units  or  double  units  for  heat- 
ing two  rooms. 

Direct-fired,  gas  or  oil  units  with  blower 
fans  and  automatic  controls  are  available  in  a 
range  of  sizes  from  200.000  Btu's  to  over  3 
million  Btu's.  They  may  be  obtained  in  floor- 
mounted,  inverted,  overhead  and  other  types. 
They  are  useful  where  large  areas  such  as 
enginehouses,  shops  and  storerooms  are  to  be 
heated.  Units  may  be  connected  to  ducts  if 
desired. 

A  recent  development  is  the  direct  gas-fired 
make-up  air  unit.  The  products  of  combus- 
tion are  discharged  into  the  air  stream.  These 
units  are  available  in  sizes  from  2,500  cfm 
to  150,000  cfm.  They  are  suitable  for  diesel 
shops  or  other  buildings  where  large  quanti- 
ties of  make-up  air  are  required. 

Electric 

The  electric  power  industry  has  recently 
been  vigorously  promoting  the  use  of  elec- 
tric heating  and  have  been  offering  special 
heating   rates.    Generally    the    rates   are    such 


that  electric  heating  costs  are  two  to  three 
times  more  than  other  fuels,  except  in  areas 
such  as  TVA  where  there  are  very  low  rates. 
Electric  heat  has  some  advantages  such  as 
cleanliness,  low  maintenance  and  economical 
installation. 

Electric  heating  may  be  produced  by  elec- 
tric unit  heaters,  convectors,  base-board  units 
and  by  resistor  wires  embedded  in  concrete 
floor  or  plaster  ceiling. 

One  railroad  is  using  electric  heat  in  the 
waiting  rooms  of  several  brick  suburban  sta- 
tions. The  electric  heating  cable  is  embedded 
in  the  concrete  floor.  Thermostats  set  for 
50  to  60  degrees  provides  adequate  heating. 
This  type  of  heating  was  selected  because 
there  would  be  no  heating  units  visible  that 
could  be  damaged  by  vandals,  and  it  was 
felt  that  the  extra  operating  costs  of  electric 
heat  would  not  be  prohibitively  high. 

Electric-compressor  heat  pumps  have  been 
used  in  small  yard  offices  and  other  small 
office  buildings.  These  units  are  automatic, 
converting  from  heat  to  cooling  as  the  tem- 
perature varies.  They  can  be  equipped  with 
an  electric  booster  heating  coil  to  supple- 
ment the  heating  capacity  of  the  compressor 
in  cold  weather. 

Infra-red 

This  type  heating  has  been  found  to  be 
most  effective  in  heating  large  shops  and 
other  buildings  with  high  ceilings  and  poor 
insulation.  The  advantages  of  this  form  of 
heating  have  been  known  for  a  long  time 
but  until  recently  there  has  been  no  practical 
equipment  for  this  type. 

Infra-red  waves  act  like  light,  traveling  in 
straight  lines  at  186,000  miles  per  second. 
When  these  waves  strike  an  object  some  are 
reflected  the  same  as  light  is  reflected  by  a 
mirror.  Some  materials  may  allow  a  portion 
of  the  waves  to  pass  through  just  as  light  is 
transmitted  through  glass.  The  infra-red  radi- 
ation is  absorbed  and  converted  into  heat. 
While  all  warm  objects  give  off  intra-red 
rays,  the  temperature  of  ordinary  steam  or 
hot-water  heaters  is  so  low  that  the  portion 
of  their  output  transmitted  by  radiation  is 
small  and  like  warm-air  systems  and  unit 
heaters,  they  depend  primarily  on  the  move- 
ment of  heated  air  for  their  effectiveness. 
Where  it  is  not  possible  to  confine  or  direct 
the  heated  air,  infra-red  systems  will  give 
better  performance  at  a  lower  operating  cost. 

There  are  several  types  of  infra-red  heaters 
available,  each  of  which  has  specific  areas  of 
application.  High-temperature  electric  infra- 
red heaters  provide  concentrated  heat  for 
processing  and  heating  applications.  Gas- 
fired  infra-red  generators  are  units  incorporat- 
ing the  use  of  natural,  manufactured,  or  pro- 
pane gas.  They  give  off  long  wave  infra-red 
radiation  that  heats  the  object  that  it  strikes. 
One  railroad  made  studies  comparing  con- 
ventional steam  unit  heaters,  using  oil  or 
coal  to  provide  heat  for  steam,  with  the  gas- 
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fired  infra-red  units.  The  infra-red  units  pro- 
vided the  effective  heating  required  for  60% 
of  the  calculated  cost  of  steam  unit  heaters. 
The  infra-red  heaters  may  be  spaced  to  heat 
an  area  uniformly,  to  heat  limited  portions 
of  an  area  or  to  provide  spot  heating. 

A  glass  company  has  just  announced  a  glass 
radiant  heater  for  installation  in  a  standard 
grid-suspended  ceiling  and  especially  engi- 
neered for  use  in  offices  and  isolated  indus- 
trial work  areas.  This  panel  emits  long  wave 
infra-red  radiation  and  is  made  of  borosili- 
cate  glass  into  which  a  thin  metallic  oxide 
film  has  been  fired  to  conduct  electricity  and 
to  produce  the  infra-red  rays. 

AIR  CONDITIONING 

Air  conditioning  in  railroad  buildings  is  in 
greater  demand  than  ever,  not  only  for  the 
comfort  of  employees,  but  also  for  controlling 
temperature  and  humidity  conditions  where 
data-processing  systems  are  used. 

Air  conditioning  has  come  to  be  regarded 
as  a  necessity  and  to  find  proof  to  justify 
the  expense  of  air  conditioning  and  its  ef- 
fect on  efficiency,  the  General  Services  Ad- 
ministration conducted  tests  where  personnel 
worked  under  the  same  conditions  with  the 
exception  of  air  conditioning  in  the  test  area. 

The  "Control"  space  was  heated  by  direct 
radiation  from  radiators  under  the  windows. 
Ventilation  depended  on  opening  the  win- 
dows. Air  conditioning  installed  for  the  test 
area  was  operated  to  hold  a  uniform  tempera- 
ture of  75  degrees  F,  plus  or  minus  2  degrees, 
and  a  relative  humidity  not  exceeding  50%. 
The  testing  period  covering  the  five  months 
from  May  through  September.  The  results 
for  the  test  period  show  that  average  work 
production  increased  9-5%  in  the  air-condi- 
tioned test  area.  Absenteeism  in  non-air-condi- 
tioned space  was  2.5%  higher  and  there  was 
0.9%  increase  in  errors  per  person  per  month 
in  the  control  area. 

In  most  installations  the  increase  in  pro- 
ductivity will  be  more  than  enough  to  pay 
for  air  conditioning. 

There  are  many  types  of  air  conditioning 
systems  in  use,  each  of  which  has  its  ad- 
vantages   for    certain    applications. 

The  one  and  two-ton  packaged  window 
units  are  most  suitable  for  private  offices  and 
other  small  offices.  Their  maintenance  cost 
is  often  high. 

The  larger  air  or  water-cooled  packaged 
units  of  5  to  10  tons  capacity  are  suitable 
for  medium  sized  rooms.  These  units  may 
be  installed  with  or  without  ductwork.  Duct- 
work with  diffusers  provides  better  air  dis- 
tribution. 

Direct-expansion  air-conditioning  units 
with  air-cooled  compressors  or  water  towers 
are  available  in  medium  and  large  sizes.  One 
or  more  blower  fans  are  provided  with  a 
system  of  ducts  and  diffusers.  The  cooling 
coils  are  mounted  in  the  ducts.  Roof  mounted 
units  are  useful  in  many  installations. 


Several  types  of  water  chillers  are  avail- 
able. The  chilled  water  can  be  pumped  to 
the  air  handling  units,  even  at  remote  loca- 
tions. A  water  tower  is  generally  used  with 
the  water  chillers.  With  the  use  of  a  num- 
ber of  air  handling  units  with  dampers,  by- 
pass valves  and  controls  the  system  can  pro- 
vide good  zone  control  for  large  areas  or 
small  private  offices.  One  variation  of  this 
system  uses  two  sets  of  ducts,  the  cold  duct 
and  the  hot  duct.  The  cold  and  hot  air  are 
mixed  together  in  mixing  boxes  and  then 
introduced  to  the  room  in  diffusers  or  thru 
lighting  fixtures.  Each  mixing  box  can  be 
controlled  by  a  thermostat.  This  system  pro- 
vides individual  temperature  control  for  priv- 
ate offices  or  different  areas  of  the  same 
room  that  may  have  different  cooling  re- 
quirements due  to  exposure,  office  machines 
or  other  heat  sources. 

An  interesting  new  development  is  the 
technique  which  combines  fluorescent  light- 
ing fixtures  with  air  supply  and  exhaust  dif- 
fusers. One  system  uses  ordinary  diffusers 
for  supply  air  and  exhaust  through  the  light- 
ing fixtures.  Another  system  uses  some  of 
the  lighting  fixtures  for  supply  and  others 
for  exhaust. 

Another  new  development  is  the  radiant 
metal-pan  ceiling.  This  ceiling  not  only  pro- 
vides radiant  cooling  to  remove  heat  from  the 
lighting  fixtures  at  the  point  where  heat  is 
generated,  but  also  offers  radiant  cooling  to 
offset  outdor  heat  gains,  radiant  heating,  and 
acoustic  control.  Finned-tube  coils  for  hot  or 
chilled  water  are  placed  above  the  metal-pan 
:eiling.  A  sound  absorbing  insulating  blanket 
is  placed  above  the  coils. 

To  give  cost  information  on  air-condition- 
ing installations,  the  accompanying  list  begins 
with  the  simplest  type  of  summer  air-condi- 
tioning and  progresses  through  the  various 
simpler  package  installations  to  more  involved 
systems.  Items  1  through  4  are  for  buildings 
that  are  heated  by  separate  systems.  Items  5 
through  10  describe  systems  where  summer 
and   winter   air-conditioning   are   involved. 

The  operating  cost  of  air-conditioning  sys- 
tems varies  considerably  and  will  depend  on 
the  size,  hours  of  operation,  type,  and  mainte- 
nance cost,  but  usually  the  operating  cost  of 
small  installations  (under  50  tons)  requiring 
a  minimum  of  labor  and  with  no  engineer 
in  attendance  should  not  exceed  S25  per  ton 
per  year  or  10  cents  per  sq  ft  based  on  250 
sq  ft  per  ton.  On  larger  installations  where 
licensed  refrigeration  engineers  and  mainte- 
nance mechanics  during  operating  hours  are 
required,  the  cost  will  be  14  cents  to  26 
cents  per  sq  ft  per  ton  per  year  or  $35  to 
S65  per  ton  per  year.  An  average  cost  can 
be  taken  conservatively  as  20  cents  per  sq  ft 
per  ton  per  year  for  operations. 

VENTILATION 

Older  structures  usually  were  adequately 
ventilated   by  open  windows   and   doors   and 
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Types  of  air-conditioning  installations 


Type  of   installation 

1  Window  Units 

(a)  Division  office — Ga. 

(b)  Division  office — Fla. 

2  Package  unit  in  Air  Cond.  space 
with  remote  air-cooled  condenser 
— No  duct  work 

(a)  Yard  office — Fla. 

(b)  Ticket  office — Ala. 

3  Fan-coil  unit  in  air-cond.  space 
with  remote  air-cooled  condensing 
unit.  Exposed  duct  work. 

(a)  Freight  depot  offices,  S.C. 

(b)  Yard  office,  Ga. 

4  Package  unit  external  to  air-condi- 
tioned space  with  remote  water 
tower — concealed  duct  work 

Freight  whse.  office,  Fla. 

5  Package  unit  external  to  air-condi- 
tioned space  with  remote  air- 
cooled  condenser.  Concealed  duct 
work  with  gas-fired  duct  furnace 

Freight  depot  offices,  N.C. 

6  Package  unit  external  to  air-condi- 
tioned space  with  remote  air- 
cooled  condenser.  Concealed  duct 
work  hot-water  coil  and  cast-iron 
boiler 

Freight  whse.  offices — Ala. 

7  Built-up  system  with  concealed 
duct  work.  Package  chiller  with 
air-cooled  condenser  and  zoned 
fan-coil  unit  with  chilled-water 
coil  using  shop  steam.  Pneumatic 
controls. 

Passenger  sta. — Ga. 

8  Built-up  system  with  concealed 
duct  work.  Package  chiller  with 
water  tower  and  fan-coil  unit  for 
general  office  and  console  units  for 
private  offices.  Hot  water  from  C.I. 
boiler  piped  for  summer-winter 
tempered  water  control  to  com- 
mon coil. 

Freight  depot  offices — Fla. 

9  Built-up  system  with  concealed 
duct  work.  Direct-expansion  com- 
pressor with  water  tower.  Zoned 
fan-coil  unit  with  direct-expansion 
cooling  and  low-pressure  steam 
coil  using  shop  steam. 

Division  office  building — Fla. 
10  Built-up  heat-pump  system  with 
concealed  duct  work.  Direct-ex- 
pansion compressor  with  reverse 
cycle  controls  for  air  to  air  heat- 
cool  operation. 

Passenger  station — Fla. 


Floor  Area 

Air  Cond. 

sq.  ft. 

Tons 

Tons 

Per 

100  sq.  ft. 

Cost 

Per 

Ton 

Cost 

Per 

sq.  ft. 

11,900 

3,430 

$0.88 

1.01 

940 
640 

5 
3 

.26 

.47 

$  444 
470 

2.37 
2.21 

1,009 
1,870 

4 
71/2 

.40 
.40 

420 

417 

1.66 
1.67 

3,600 


3,200 


2,520 


6,975 


4,900 


4,150 


10 


10 


10 


21 


12 


28,350    70 


.28 


.31 


.40 


.30 


.25 


12 


.25 


.29 


569 


706 


772 


1198 


1145 


720 


1230 


1.58 


2.19 


3.05 


3.39 


2.81 


1.78 


3.55 


Note:    (1)    Costs  shown  do  not  include  electrical  installations  beyond  simple  connections  of 
equipment  to  building  panels  and  necessary  control  wiring. 
(2)    All  costs  have  been  adjusted  to  present  time  by  application  of  Engineering-News 
Record  Building  cost  indices.    (ENR  604  March,  1964) 
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by  the  cracks  around  same.  In  the  modern 
tight  building  it  is  likely  that  some  form  of 
gravity  or  mechanical  ventilation  may  be 
necessary.  Ventilation  may  be  provided  by 
supply,  exhaust  or  a  combination.  In  new 
structures  this  is  generally  done  by  power 
fans  rather  than  with  gravity  ventilators.  Dur- 
ing cold  weather  supply  air  must  be  tem- 
pered before  introduction  into  the  building. 
Shop  buildings  where  heat  or  fumes  are 
generated  by  certain  equipment  should  be 
provided  with  adequate  exhaust  ventilation. 
Diesel  shops  present  a  challenging  problem 
in  ventilation. 

INSULATION 

Insulation  of  buildings  has  become  more 
important  with  the  advent  of  air-conditioning 
and  modern  heating  systems.  Properly  in- 
stalled insulation  will  help  to  keep  construc- 
tion and  operating  costs  at  a  reasonable  level. 

In  addition  to  the  older  proven  types  of 
insulating  materials,  such  as  rock  wool  and 
Fiberglass,  polystyrene  and  urethane  have  re- 
cently become  commercially  available.  Ure- 
thane possesses  a  heat  transmission  rate  of 
.15  to  75  degrees  as  compared  to  polystyrene- 
of  .26,  cork  .28  and  Fiber  of  .23.  Polystyrene 
is  less  expensive  for  equivalent  insulating 
value  than  urethane.  but  urethane  has  better 
heat  resistance  qualities.  Urethane  may  be 
pre-moulded,  foamed  or  sprayed. 

The  trend  for  average  size  railroad  struc- 
tures is  toward  the  prefabricated-metal  build- 
ing which  must  be  well  insulated.  A  mini- 
mum of  3  in.  is  recommended. 

Insulated  buildings,  steel  buildings  espe- 
cially, must  be  well  sealed  with  a  vapor  bar- 
rier. Warm  moist  air  from  the  building  in- 
terior can  easily  condense  on  the  interior 
surfaces  of  the  outside  wall  or  roof  material. 
In  the  wall  this  is  not  serious  as  the  usual 
procedure  is  to  have  holes  at  the  bottom  to 
allow   breathing  in  the  air  space.    Under  a 


roof  such  moisture  may  fall  into  the  insula- 
tion and  decrease  its  value  as  an  insulating 
material,  unless  the  ceiling  has  a  good  vapor 
barrier. 

A  steel-panel  roof  uninsulated  is  improved 
from  a  "U"  factor  of  .63  to  .46  by  the  addi- 
tion of  an  aluminum  coating  over  the  zinc 
coating.  This  is  due  to  the  reflectivity  of  the 
aluminum  coating. 

In  order  to  reduce  infiltration  losses  from 
cracks  in  older  structures  it  may  be  advisable 
to  replace  old  doors  with  over-head-type  doors 
or  rolling-steel  doors.  Rolling-steel  doors 
should  be  provided  with  weather  stripping 
and  windlocks.  Deteriorated  window  sash 
may  be  replaced  with  corrugated  Fiberglass 
panels.  They  should  be  tightly  sealed  at  edges. 
Storm  windows  should  be  applied  on  a  well 
insulated  building. 

Although  not  an  insulation  as  we  normally 
think  of  it,  Venetian  blinds,  lined  draperies, 
sun  shades,  solar  controls,  insulated  and 
tinted  glass  also  have  an  effect  in  reducing 
cooling  costs. 

Money  spent  for  insulation  and  construc- 
ion  is  spent  only  once,  while  heating  and 
cooling  lasts  throughout  the  building  life.  A 
well  insulated  building  generally  will  save 
heating  and  air-conditioning  operating  ex- 
penses in  excess  of  insulation  cost. 

While  the  modern  methods  of  heating,  air- 
conditioning  and  ventilating  provide  superior 
working  conditions  to  older  systems,  and  in 
some  cases  are  more  economical,  they  do 
create  problems  in  that  their  satisfactory  oper- 
ation depends  on  proper  functioning  of  com- 
plicated electronic  controls.  A  failure  in  elec- 
tronic controls  often  can  shut  down  the  en- 
tire system.  These  systems  require  competent 
maintenance  personnel  and  a  periodic  main- 
tenance schedule.  The  proper  training  of 
railway  maintenance  personnel  in  the  opera- 
tion and  maintenance  of  these  systems  can 
save  costly  repairs  and  service  charges  from 
local   contractors. 


HISTORICAL  INFORMATION 

List  of  Annual  Conventions 


\o. 

Place  of  Meeting 

Date 

Membership 

1 

St.  Louis,  Mo. 

Sept.  25,  1891 

60 

2 

Cincinnati,  Ohio 

Oct.  18-19,  1892 

112 

3 

Philadelphia,  Pa. 

Oct.  17-19,  1893 

128 

4 

Kansas  City,  Mo. 

Oct.  16-18,  1894 

115 

5 

New  Orleans,  La. 

Oct.  15-16,  1895 

122 

6 

Chicago,  111. 

Oct.  20-22,  1896 

140 

7 

Denver,  Colo. 

Oct.  19-21,  1897 

127 

8 

Richmond,  Va. 

Oct.  18-19,  1898 

148 
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No.        Place  of  Meeting  Date  Membership 

9  Detroit,  Mich.  Oct.  17-19,  1899  148 

10  St.  Louis,  Mo.  Oct.  16-18,  1900  143 

11  Atlanta,  Ga.  Oct.  15-17,  1901  171 

12  Minneapolis,  Minn.  Oct.  21-23,  1902  195 

13  Quebec,  Canada  Oct.  20-22,  1903  223 

14  Chicago,  111.  Oct.  18-20,  1904  293 

15  Pittsburgh,  Pa.  Oct.  17-19,  1905  313 

16  Boston,  Mass.  Oct.  16-18,  1906  340 

17  Milwaukee,  Wis.  Oct.  15-17,  1907  341 

18  Washington,  D.  C.  Oct.  20-22,  1908  368 

19  Jacksonville,  Fla.  Oct.  19-21,  1909  393 

20  Denver,  Colo.  Oct.  18-20,  1910  428 

21  St.  Louis,  Mo.  Oct.  17-19,  1911  499 

22  Baltimore,  Md.  Oct.  15-17,  1912  524 

23  Montreal,  Quebec  Oct.  21-23,  1913  570 

24  Los  Angeles,  Cal.  Oct.  20-22,  1914  586 

25  Detroit,  Mich.  Oct.  19-21,  1915  665 

26  New  Orleans,  La.  Oct.  17-19,  1916  710 

27  Chicago,  111.  Oct.  16-18,  1917  704 

28  Chicago,  111.  Oct.  15-17,  1918  716 

29  Cleveland,  Ohio  Oct.  21-23,  1919  776 

30  Atlanta,  Ga.  Oct.  26-28,  1920  840 

31  New  York,  N.Y.  Oct.  18-20,  1921  850 

32  Cincinnati,  Ohio  Oct.  17-19,  1922  865 

33  Seattle,  Wash.  Oct.  16-18,  1923  846 

34  Kansas  City,  Mo.  Oct.  21-23,  1924  837 

35  Buffalo,  N.Y.  Oct.  20-22,  1925  759 

36  Richmond,  Va.  Oct.  12-14,  1926  750 

37  Minneapolis,  Minn.  Oct.  18-20,  1927  754 

38  Boston,  Mass.  Oct.  23-25,  1928  755 

39  New  Orleans,  La.  Oct.  15-17,  1929  755 

40  Louisville,  Ky.  Oct.  21-23,  1930  713 

41  Chicago,  111.  Oct.  16-18,  1934  592 

42  Chicago,  111.  Oct.  15-17,  1935  547 

43  Chicago,  111.  Oct.  20-22,  1936  588 

44  Chicago,  111.  Oct.  19-21,  1937  566 

45  Chicago,  111.  Oct.  18-20,  1938  589 

46  Chicago,  111.  Oct.  17-19,  1939  546 

47  Chicago,  111.  Oct.  15-17,  1940  610 

48  Chicago,  111.  Oct.  14-16,  1941  594 

49  Chicago,  111.  Oct.  20-22,  1942  618 

50  Chicago,  111.  Oct.  20-21,  1943  597 

51  Chicago,  111.  Sept.  17-19,  1946  698 

52  Chicago,  111.  Sept.  16-18,  1947  651 

53  Chicago,  111.  Sept.  20-22,  1948  652 

54  Chicago,  111.  Sept.  12-14,  1949  676 

55  Chicago,  111.  Sept.  18-20,  1950  713 

56  Chicago,  111.  Sept.  17-19,  1951  676 

57  Chicago,  111.  Sept.  15-17,  1952  667 

58  Chicago,  111.  Sept.  15-17,  1953  666 

59  Chicago,  111.  Sept.  13-15,  1954  682 

60  Chicago,  111.  Sept.  19-21,  1955  625 

61  Chicago,  111.  Sept.  18-20,  1956  657 

62  Chicago,  111.  Sept.  23-25,  1957  769 

63  Chicago,  111.  Sept.  15-17,  1958  828 

64  Chicago,  111.  Sept.  15-17,  1959  863 

65  Chicago,  111.  Sept.  19-21,  I960  932 

66  Chicago,  111.  Sept.  18-20,  1961  968 

67  Chicago,  111.  Sept.  10-12,  1962  942 

68  Chicago,  111.  Oct.  14-16,  1963  887 

69  Chicago,  111.  Sept.  14-16,  1964  860 
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F.  F.  Strouse 

E.  B.  Ashby 

S.  C.  Tanner 

W.  F.  Strouse 

C.  R.  Knowles 

. 

W.  0.  Eggleston 

Lee  Jutton 

C.  R.  Knowles 

A.  Ridgway 

1915-1916 

1916-1917 

1917-1918 

1918-1919 

President 

G.  W.  Rear 

C.  E.  Smith 

S.  C.  Tanner 

Lee  Jutton 

1st  V.-Pres..  .  . 

C.  E.  Smith 

E.  B.  Ashby 

Lee  Jutton 

F.  E.  Weise 

2nd  V.-Pres..  . 

E.  B.  Ashby 

S.  C.  Tanner 

F.  E.  Weise 

W.  F.  Strouse 

3rd  V.-Pres..  .  . 

S.  C.  Tanner 

Lee  Jutton 

W.  F.  Strouse 

C.  R.  Knowles 

4th  V.-Pres..  .  . 

Lee  Jutton 

F.  E.  Weise 

C.  R.  Knowles 

A.  Ridgway 

Sec.-Treas 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

r 

F.  E.  Weise 

W.  F.  Strouse 

A.  Ridgway 

J.  S.  Robinson 

W.  F.  Strouse 

C.  R.  Knowles 

J.  S.  Robinson 

J.  P.  Wood 

Executive         J 

C.  R.  Knowles 

A.  Ridgway 

J.  P.  Wood 

A.  B.  McVay 

Members       | 

A.  Ridgwav 

J.  S.  Robinson 

D.  C.  Zook 

J.  H.  Johnston 

J.  S.  Robinson 

J.  P.  Wood 

A.  B.  McVay 

E.  T.  Howson 

I 

J.  P.  Wood 

D.  C.  Zook 

J.  H.  Johnston 

C.  W.  Wright 

1919-1920 

1920-1921 

1921-1922 

1922-1923 

President 

F.  E.  Weise 

W.  F.  Strouse 

C.  R.  Knowles 

Arthur  Ridgway 

1st  V.-Pres..  .  . 

W.  F.  Strouse 

C.  R.  Knowles 

A.  Ridgway 

J.  P.  Wood 

2nd  V.-Pres. .  . 

C.  R.  Knowles 

A.  Ridgway 

J.  S.  Robinson 

J.  S.  Robinson 

3rd  V.-Pres..  .  . 

A.  Ridgway 

J.  S.  Robinson 

J.  P.  Wood 

C.  W.  Wright 

4th  V.-Pres..  .  . 

J.  S.  Robinson 

J.  P.  Wood 

C.  W.  Wright 

E.  T.  Howson 

Sec.-Treas 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

0.  A.  Lichty 

Asst.  Sec 

F.  E.  Weise 

B\  E.  Weise 

r 

J.  P.  Wood 

C.  W.  Wright 

E.  T.  Howson 

P.  C.  Baluss 

A.  B.  McVay 

A.  B.  McVay 

J.  H.  Johnston 

Maro  Johnson 

Directors 

J.  H.  Johnston 

G.  A.  Manthey 

E.  K.  Barrett 

0.  F.  Dalstrom 

1 

E.  T.  Howson 

E.  T.  Howson 

F.  C.  Baluss 

S.  D.  Corey 

C.  W.  Wright 

J.  H.  Jonhston 

Maro  Johnson 

W.  B.  Hotson 

I 

G.  A.  Manthey 

E.  K.  Barrett 

0.  F.  Dalstrom 

P.  N.  Nelson 

1923-1924 

1924-1925 

1925-1926 

1926-1927 

J.  P.  Wood 

C.  W.  Wright 

E.  T.  Howson 

1st  V.-Pres..  .  . 

J.  P.  Wood 

0.  W.  Wright 

E.  T.  Howson 

F.  C.  Baluss 

2nd  V.-Pres. .  . 

C.  W.  Wright 

E.  T.  Howson 

F.  C.  Baluss 

Maro  Johnson 

3rd  V.-Pres..  .  . 

E.  T.  Howson 

F.  C.  Baluss 

Maro  Johnson 

J.  S.  Huntoon 

4th  V.-Pres..  .  . 

F.  C.  Baluss 

Maro  Johnson 

J.  S.  Huntoon 

C.  S.  Heritage 

Sec.-Treas 

C.  A.  Lichtv 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

Asst.  Sec 

F.  E.  Weise 

F.  E.  Weise 

F.  E.  Weise 

F.  E.  Weise 

f 

S.  T.  Corey 

J.  S.  Huntoon 

C.  S.  Heritage 

A.  I.  Gauthier 

W.  B.  Hotson 

A.  I.  Gauthier 

W.  B.  Hotson 

E.  L.  Sinclair 

Directors 

P.  N.  Nelson 

E.  L.  Sinclair 

P.  N.  Nelson 

0.  F.  Dalstrom 

1 

J.  S.  Huntoon 

C.  S.  Heritage 

A.  1.  Gauthier 

W.  T.  Krausch 

A.  I.  Gauthier 

W.  B.  Hotson 

E.  L.  Sinclair 

R.  C.  Bardwell 

I 

E.  L.  Sinclair 

P.  N.  Nelson 

0.  F.  Dalstrom 

H.  I.  Benjamin 
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B.&B.  Proceedings 


1927-1928 

1928-1929 

1929-1930 

1930-1934 

President 

F.  C.  Baluss 

Maro  Johnson 

J.  S.  Huntoon 

C.  S.  Heritage 

1st  V.-Pres..  . 

Maro  Johnson 

J.  S.  Huntoon 

C.  S.  Heritage 

A.  I.  Gauthier 

2nd  V.-Pres..  . 

J.  S.  Huntoon 

C.  S.  Heritage 

A.  I.  Gauthier 

H.  I.  Benjamin 

3rd  V.-Pres..  . 

C.  S.  Heritage 

A.  I.  Gauthier 

H.  I.  Benjamin 

W.  T.  Krausch 

4th  V.-Pres..  . 

A.  I.  Gauthier 

H.  I.  Benjamin 

W.  T.  Krausch 

T.  H.  Strate 

Sec.-Treas. .  .  . 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

Asst.  Sec 

P.  E.  Weise 

P.  E.  Weise 

W.  T.  Krausch 

R.  C.  Henderson 

G.  A.  Rodman 

E.  C.  Neville 

R.  C.  Bardwell 

J.  S.  Ekey 

W.  A.  Batey 

H.  H.  Best 

Directors 

H.  I.  Benjamin 

T.  H.  Strate 

P.  W.  Hillman 

J.  E.  King 

R.  C. Henderson 

G.  A.  Rodman 

E.  C.  Neville 

A.  B.  Scowden 

T.  H.  Strate 

W.  A.  Batey 

H.  H.  Best 

\V.  A.  Batey 

I 

J.  S.  Ekey 

P.  W.  Hillman 

J.  E.  King 

L.  C.  Smith 

1934-1935 

1935-1936 

1936-1937 

1937-1938 

President 

H.  I.  Benjamin 

T.  H.  Strate 

E.  C.  Neville 

C.  M.  Burpee 

1st  V.-Pres..  .  . 

T.  H.  Strate 

E.  C.  Neville 

C.  M.  Burpee 

P.  H.  Masters 

2nd  V.-Pres. .  . 

E.  C.  Neville 

C.  M.  Burpee 

F.  H.  Masters 

W.  S.  Lacher 

3rd  V.-Pres..  .  . 

A.  B.  Scowden 

F.  H.  Masters 

C.  A.  J.  Richards 

C.  A.  J.  Richards 

4th  V.-Pres..  .  . 

W.  R.  Roof 

C.  A.  J.  Richards 

W.  S.  Lacher 

F.  H.  Cramer 

Sec.-Treas 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

C.  A.  Lichty 

C 

C.  M.  Burpee 

A.  L.  McCloy 

W.  R.  Roof 

B.  R.  Meyers 

W.  A.  Batey 

R.  P.  Luck 

T.  P.  Soule 

G.  S.  Crites 

Directors 

L.  C.  Smith 

H.  H.  Best 

P.  H.  Cramer 

R.  E.  Dove 

C.  A.  J.  Richards 

W.  R.  Roof 

B.  R.  Mevers 

T.  P.  Soule 

A.  L.  McCoy 

T.  P.  Soule 

G.  S.  Crites 

A.  Chinn 

I 

R.  P.  Luck 

P.  H.  Cramer 

R.  E.  Dove 

L.  G.  Byrd 

President  . 
1st  V.-Pres.. 
2nd  V.-Pres. 
3rd  V.-Pres. 
4th  V.-Pres.. 
Sec.-Treas. . 


Secretary . 
Treasurer . 


Directors 


193S-1939 


Armstrong  Chinn 

F.  H.  Cramer 

A.  E.  Bechtelheimer 

H. M.  Church 

R.  E.  Dove 

C.  A.  Lichty 


L.  G.  Byrd 
W.  R.  Ganser 
F.  H.  Soothill 
B.  R.  Mevers 
W.  Walkden 
A..  S.  Krefting 


1939-1940 


A.  E.  Bechtelheimer 

F.  H.  Cramer 

H. M.  Church 

R.  E.  Dove 

F.  H.  Soothill 

C.  A.  Lichty 


B.  R.  Mevers 
\V.  Walkden 
A.  S.  Krefting 
A.  M.  Knowles 
L.  G.  Byrd 
K.  L.  Miner 


1940-1941 


H. M.  Church 
R.  E.  Dove 

F.  A.  Soothill 

G.  S;  Crites 

A.  M.  Knowles 


F.  O.  Whiteman 
F.  E.  Weise 


N.  D.  Howard 
L.  G.  Byrd 
K.  L.  Miner 
R.  E.  Caudle 
I.  A.  Moore 
W.  A.  Sweet 


1941-1942 


R.  E.  Dove 

F.  H.  Soothill 

G.  S.  Crites 

A.  M.  Knowles 
X.  D.  Howard 


A.  G.  Shaver 
P.  E.  Weise 

R.  E.  Caudle 
1.  A.  Moore 
W.  A.  Sweet 
J.  L.  Varker 
L.  E.  Peyser 
Martin  Meyer 


1942-1943 

1943-1944 

1944-1945 

1945-1946 

President 

1st  V.-Pres..  .  . 
2nd  V.-Pres..  . 
3rd  V.-Pres. .  . 
4th  V.-Pres.    .  . 
Secretary  

G.  S.  Crites 
R.  E.  Caudle 
A.  M.  Knowles 
N.  D.  Howard 
J.  L.  Varker 
A.  G.  Shavert 

J.  L.  Varker 
R.  E.  Caudle 
N.  D.  Howard 
F.  G.  Campbell 
■J.  S.  Hancock 
Elinor  V.  Heffern 

J.  L.  Varker 
R.  E.  Caudle 
N.  D.  Howard 
F.  G.  Campbell 
J.  S.  Hancock 
Elise  LaChance 

X.  D.  Howard 
F.  G.  Campbell 
J.  S.  Hancock 
E.  H.  Bamhart 
W.  P.  Martens 
Elise  LaChance 

Treasurer .... 

Lorene  Kindredt 
Elinor  V.  Heffern 
F.  E.  Weise 

C.  R.  Knowles 

C.  R.  Knowles 

C.  R.  Knowles 

Treasurer 

F.  E.  Weise 

F.  E.  Weise 

Emeritus 
Directors 

M.  Meyer 
L.  E.  Peyser 
K.  L.  Miner 
F.  G.  Campbell 
J.  S.  Hancock 
L.  C.  Winkelhaus 

W.  F.  Martens 
A.  L.  McCloy 
L.  C.  Winkelhaus 
E.  H.  Bamhart 
A.  B.  Chapman 
L.  E.  Peyser 

W.  F.  Martens 
A.  L.  McCloy 
L.  C.  Winkelhaus 
E.  H.  Bamhart 
A.  B.  Chapman 
L.  E.  Peyser 

A.  B.  Chapman 
W.  A.  Huckstep 
F.  R.  Spofford 

iuy  E.  Martin 

B.  R.  Meyers 
L.  E.  Peyser 

tTo  November  1,  1942 
tTo  February  1.  1943 

Past  Officers 
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1946-1947 

1947-1948 

194S-1949 

1949-1950 

President .... 

F.  G.  Campbell 

J.  S.  Hancock 

E.  H.  Barnhart 

W.  F.  Martens 

1st  V.-Pres. .  .  . 

J.  S. HaDcock 

E.  H.  Barnhart 

W.  F.  Martens 

\V.  A.  Huckstep 

2nd  V.-Pres..  . 

E.  H.  Barnhart 

W.  F.  Martens 

W.  A.  Huckstep 

Guv  E.  Martin 

3rd  V.-Pres. .  . 

W.  F.  Martens 

W.  A.  Huckstep 

Guy  E.  Martin 

F.  R.  Spofford 

4th  V.-Pres.    . 

W.  A.  Huckstep 

G.  E.  Martin 

P.  A.  Spofford 

Lee  Mayfield 

Secretary 

Elise  LaChance 

Elise  LaChance 

Elise  LaChance 

Elise  LaChance 

Treasurer    ... 

C.  R.  Knowles 

C.  R.  Knowles 

L.  C.  Winkelhaus 

L.  C.  Winkelhaus 

Guy  E.  Martin 

H.  M.  Harlow 

Lee  Mavfield 

H.  M.  Harlow 

B.  R.  Meyers 

H.  B.  Christianson 

F.  M.  Misch 

V.  E.  Engman 

L.  E.  Peyser 

F.  R.  Spofford 

W.  D.  Gibson 

G.  W.  Benson 

H.  M.  Harlow 

Lee  Mayfield 

H.  M.  Harlow 

F.  M.  Misch 

H.  B.  Christianson 

Franz  M.  Misch 

V.  E.  Engman 

L.  R.  Morgan 

_ 

F.  R.  Spofford 

W.  D.  Gibson 

G.  W.  Benson 

J.  A.  Jorlett 

1950-1951 

1951-1952 

1952-1953 

1953-1954 

President 

W.  A.  Huckstep 

Guy  E.  Martin 

F.  R.  Spofford 

Lee  Mayfield 

1st  V.-Pres..  .  . 

Guy  E.  Martin 

F.  R.  Spofford 

Lee  Mavfield 

H.  M.  Harlow 

2nd  V.-Pres..  . 

F.  R.  Spofford 

Lee  Mayfield 

H.  M.  Harlow 

J.  A.  Jorlett 

3rd  V.-Pres. .  . 

Lee  Mayfield 

H.  M.  Harlow 

J.  A.  Jorlett 

R.  R.  Gunderson 

4th  V.-Pres. .  .  . 

H.  M.  Harlow 

J.  A.  Jorlett 

R.  R.  Gunderson 

W.  H.  Huffman 

Secretary 

Elise  LaChance 

Elise  LaChance 

Elise  LaChance 

Elise  LaChance 

Treasurer.  .  .  . 

L.  C.  Winkelhaus 

L.  C.  Winkelhaus 

L.  C.  Winkelhaus 

L.  C.  Winkelhaus 

- 

F.  M.  Misch 

M.  H.  Dick 

W.  H.  Huffman 

M.  H.  Dick 

L.  R.  Morgan 

R.  R.  Gunderson 

L.  R.  Morgan 

J.  F.  Warrenfells 

J.  A.  Jorlett 

J.  F.  Warrenfells 

B. M.  Stephens 

G.  Switzer 

M.  H.  Dick 

W.  H.  Huffman 

M.  H.  Dick 

B. M.  Stephens 

R.  R.  Gunderson 

L.  R.  Morgan 

J.  F.  Warrenfells 

W.  H.  Bunge 

1 

J.  F.  Warrenfells 

B.  M.  Stephens 

G.  Switzer 

E.  R.  Schlaf 

1954-1955 


1955-1956 


1956-1957 


1957-1958 


President  .  . 
1st  V.-Pres.. 
2nd  V.-Pres. 
3rd  V.-Pres. 
4th  V.-Pres. 
Secretary.  .  . 
Treasurer. . . 


Directors 


H.  M.  Harlow 
J.  A.  Jorlett 
R.  R.  Gunderson 
W.  H.  Huffman 
M.  H.  Dick 
Elise  LaChance 
L.  C.  Winkelhaus 
B.  M.  Stephens 
W.  H.  Bunge 
E.  R.  Schlaf 
J.  F.  Warrenfells 
H.  D.  Curie 
J.  M.  Lowry 


J.  A.  Jorlett 
R.  R.  Gunderson 
W.  H.  Huffman 
M.  H.  Dick 
B. M.  Stephens 
Elise  LaChance 
L.  C.  Winkelhaus 
J.  F.  Warrenfells 
H.  D.  Curie 
J.  M.  Lowry 
W.  H.  Bunge 
E.  R.  Schlaf 
G.  W.  Benson 


R.  R.  Gunderson 
W.  H.  Huffman 
M.  H.  Dick 
B.  M.  Stephens 
H.  D.  Curie 
Elise  LaChance 
L.  C.  Winkelhaus 
W.  H.  Bunge 
E.  R.  Schlaf 
G.  W.  Benson 
J.  M.  Lowry 
T.  M. von 

Sprecken 
H.  A.  Matthews 


W.  H.  Huffman 
M.  H.  Dick 
B.  M.  Stephens 
H.  D.  Curie 

Elise  LaChance 
L.  C.  Winkelhaus 
G.  W.  Benson 
J.  M.  Lowry 
H.  A.  Matthews 
T.  M.  von 

Sprecken 
W.  H.  Bunge 
E.  R.  Schlaf 


1958-1959 

1959-1960 

1960-1961 

1961-1962 

President       .  .  . 
1st  V.-Pres..  . 
2nd  V.-Pres..  . 
3rd  V.-Pres. .  . 
Secretary  .... 
Treasurer .... 

M.  H.  Dick 

B.  M.  Stephens 

H.  D.  Curie 

G.  W.  Benson 

Ruth  Weggeberg 

L.  C.  Winkelhaus 

B.  M.  Stephens 
H.  D.  Curie 
G.  W.  Benson 
J.  M.  Lowry 
Ruth  Weggeberg 
L.  C.  Winkelhaus 

H.    D.   Curie 
G.   W.   Benson 
J.   M.   Lowrv 
E.   R.   Schlaf 
Ruth   Weggeberg 
L.  C.  Winkelhaus 

G.  W.  Benson 
J.  M.  Lowry 
E.  R.  Schlaf 
H.  A.  Matthews 
Ruth  Weggeberg 
L.  C.  Winkelhaus 

Directors         < 

J.  M.  Lowry 
R.  C.  Baker 
W.  H.  Bunge 
E.  R.  Schlaf 
H.  A.  Matthews 
M.  J.  Hubbard 

W.  H.  Bunge 
E.  R.  Schlaf 
H.  A.  Matthews 
M.  J.  Hubbard 
R.  C.  Baker 
R.  H.  Miller 

H.  A.  Matthews 
M.   J.   Hubbard 
R.   C.  Baker 
R.  H.   Miller 
Shirley   White 
H.   M.   Wilson 

R.  C.  Baker 
R.  H.  Miller 
Shirlev  White 
H.  M.  Wilson 
R.  D.  Hellweg 
F.  W.  Hutcheson 

President.  . 
1st  V.-Pres 
2nd  V.-Pres. 
3rd  V.-Pres. 
Secretary.  .  . 
Treasurer .  . 


Directors 


1962-1963 


J.  M.  Lowrv 

E.  R.  Schlaf 

H.  A.  Matthews 
R.  C.  Baker 
Ruth  Weggeberg 
L.  C.  Winkelhaus 
Shirlev  White 
H.  M.  Wilson 
R.  D.  Hellweg 

F.  W.  Hutcheson 
W.  F.  Armstrong 
J.  W.  DeValle 


1963-1964 


E.  R.  Schlaf 
R.  C.  Baker 
Shirley  White 
H.  M.  Wilson 
Ruth  Weggeberg 

E.  F.  Snyder 
R.  D.  Hellweg 

F.  W.  Hutcheson 
W.  F.  Armstrong 
J.  W.  DeValle 

J.  A.  Goforth 
E.  R.  Simmons 


CONSTITUTION 


ARTICLE  I. 

NAME 


Section  1.   This  association  shall  be  known  as  the  American  Railway  Bridge  & 
Building  Association. 


ARTICLE  II. 

OBJECT 

Section  1.*  *  The  object  of  this  association  shall  be  the  advancement  of  knowl- 
edge pertaining  to  the  design,  construction  and  maintenance  of  railway  bridges, 
buildings,  water  service  facilities,  and  other  structures,  by  investigation,  reports  and 
discussions. 

Section  2.  The  association  shall  neither  indorse  nor  recommend  any  particular 
devices,  trade  marks  or  materials,  nor  will  it  be  responsible  for  any  opinions  ex- 
pressed in  papers,  reports  or  discussions  unless  the  same  have  received  the  endorse- 
ment of  the  association  in  regular  session. 

ARTICLE  III. 

MEMBERSHIP 

Section  1.  The  membership  of  this  association  shall  be  divided  into  five  classes, 
viz:   Members,  life  members,  associate,  honorary  and  junior  members.* 

Section  2.**  A  member  shall  be  a  person  in  a  position  above  rank  of  gang 
foreman  in  connection  with  roadway  bridge,  building  and  water  service  work,  or  in 
the  employ  of  a  public  regulatory  body,  a  professor  of  engineering  in  a  college, 
an  engineering  editor,  or  a  government  or  private  timber  expert.  Any  person 
desirous  of  becoming  a  member  shall  make  application  upon  the  form  pre- 
scribed by  the  executive  committee,  setting  forth  his  name,  age,  residence  and  prac- 
tical experience.  He  shall  furnish  at  least  three  references  to  whom  he  is  personally 
known.  Applicants  may  be  voted  into  membership  at  any  regular  executive  meeting 
or  by  letter  ballot  of  the  executive  committee,  a  majority  vote  being  necessary  in 
either  instance. 

Section  3-**  To  be  eligible  for  a  life  membership  a  member  must  have  be- 
longed to  the  association  for  at  least  15tt  years  and  in  general  must  have  retired 
from  active  railway  service  due  to  age  or  physical  disability.  He  shall  have  all  the 
privileges  of  active  membership,  except  the  holding  of  office,  and  shall  not  be  re- 
quired to  pay  annual  dues.  The  transfer  from  membership  to  life  membership  shall 
be  made  in  the  same  manner  as  the  election  of  members,  as  prescribed  in  Section  2, 
of  this  Article. 

Section  4.  Associates  shall  be  responsible  persons  who  are  not  eligible  as  mem- 
bers, whose  pursuits  or  attainments  qualify  them  to  co-operate  with  members  in  the 
study  and  development  of  improved  practices  in  the  construction  and  maintenance 
of  bridges,  buildings  and  water  facilities.  They  shall  have  all  the  rights  of  members 
except  of  voting  and  holding  office.  They  shall  be  elected  in  the  manner  prescribed 
for  members,  in  Section  2,  of  this  Article. 

Section  5.  Honorary  members  shall  be  chosen  from  persons  who  have  attained 
acknowledged  eminence  in  some  branch  of  engineering  or  railway  service.  Their 
number  shall  be  limited  to  ten.  Honorary  members  shall  be  proposed  by  not  less 
than  six  active  members  and  shall  be  elected  by  the  unanimous  vote  of  the  members 


*  Amended  October  16,  1941. 
**  Amended  September  20.  1948. 
tf  Amended  March  10,  1958. 
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present  at  a  regular  meeting.  They  shall  have  all  the  rights  of  active  members 
except  that  of  holding  office  and  shall  be  exempt  from  the  payment  of  dues. 

Section  6.  A  junior  member  shall  be  a  person  who  is  a  graduate  of  a  recog- 
nized engineering  school,  or  who  has  been  employed  for  at  least  two  years  in  the 
design,  maintenance  or  construction  of  railway  bridges,  buildings  or  structures. 
Applicants  shall  be  at  least  21  years  of  age  and  they  shall  be  elected  in  the  manner 
prescribed  for  members,  in  Section  2  of  this  article.  Juniors  shall  have  all  the  rights 
of  members  except  that  of  holding  office.  When  the  attainments  of  a  Junior  are 
such  as  to  qualify  him  as  a  member,  he  may  apply  for  promotion  and  the  Executive 
Committee  shall  authorize  such  promotion  when  qualifications  warrant  the  action. 
Unless  a  Junior  is  promoted,  his  membership  shall  cease  automatically  when  he  be- 
comes 28  years  of  age.* 

Section  7.  Any  member  guilty  of  conduct  unbecoming  to  a  railroad  officer  and 
a  member  of  this  association,  or  who  shall  refuse  to  comply  with  the  rules  of  this 
association,  shall  forfeit  his  membership  on  a  two-thirds  vote  of  the  executive  com- 
mittee. 

Section  8.  Membership  shall  continue  until  written  resignation  is  received  by 
the  secretary,  unless  member  has  been  previously  expelled,  or  dropped  for  non-pay- 
ment of  dues  in  accordance  with  Section  1  of  Article  VII. 

Section  9.**  Only  active  members  shall  hold  office  in  this  association,  and  only 
active  and  life  members  shall  be  entitled  to  vote  in  the  election  of  officers. 

ARTICLE  IV. 

OFFICERS 

Section  It-  The  officers  of  this  association  shall  be  a  president,  three  vice-presi- 
dents, a  secretary,  a  treasurer  and  six  directors  who  with  the  most  recent  past  presi- 
dent shall  constitute  the  executive  committee. 

Section  2.  The  past  presidents  of  this  association,  previous  to  the  most  recent 
past  president,  who  continue  to  be  members,  shall  be  privileged  to  attend  all  meet- 
ings of  the  executive  committee,  of  which  meetings  they  shall  receive  due  notice, 
and  be  permitted  to  discuss  all  questions  and  to  aid  said  committee  by  their  advice 
and  counsel;  but  said  past  presidents  shall  not  have  a  right  to  vote,  unless  called 
upon  to  fill  a  quorum. 

Section  3.  Vacancies  in  any  office  shall  be  filled  for  the  unexpired  term  by  the 
executive  committee  without  delay. 

ARTICLE  V. 

EXECUTIVE  COMMITTEE 

Section  1.**  The  executive  committee  shall  manage  the  affairs  of  the  associa- 
tion and  shall  have  full  power  to  control  and  regulate  all  matters  not  otherwise  pro- 
vided for  in  the  constitution  and  by-laws  and  shall  exercise  general  supervision  over 
the  financial  interests  of  the  association,  and  make  all  necessary  purchases  and  con- 
tracts required  to  conduct  the  general  business  of  the  association,  but  shall  not  have 
the  power  to  render  the  association  liable  for  any  debt  beyond  the  amount  then  in 
the  treasury  plus  accounts  receivable  and  not  subject  to  other  prior  liabilities.  All 
appropriations  for  special  purposes  must  be  acted  upon  at  a  regular  meeting  of  the 
association. 

Section  2.  Meetings  of  the  executive  committee  may  be  called  by  a  majority  of 
the  members  of  the  committee,  providing  10  days'  notice  is  given  members  by  mail. 

Section  3.  Five  members  of  the  executive  committee  shall  constitute  a  quorum 
for  the  transaction  of  business. 

ARTICLE  VI. 

ELECTION  OF  OFFICERS  AND  TENURE  OF  OFFICE 

Section  1.  Except  as  otherwise  provided,  the  officers  shall  be  elected  at  the 
regular  annual  meeting  of  the  association  and  the  election  shall  not  be  postponed 
except  by  unanimous  consent  of  the  members  present  at  said  annual  meeting.    The 

♦Amended  October  16,  1941. 
** Amended  September  20,  1948. 
t Amended  September  21,  1957. 
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election  shall  be  by  ballot,  a  majority  of  the  votes  cast  being  required  for  election. 
Any  active  member  of  the  association  not  in  arrears  for  dues  shall  be  eligible  for 
office,  but  the  president  shall  not  be  eligible  for  reelection. 

Section  2%.  The  president,  three  vice-presidents,  secretary  and  treasurer  shall 
hold  office  for  one  year  and  the  directors  for  three  years,  two  directors  being  elected 
each  year.  All  officers  retain  their  office  until  their  successors  are  elected  and  in- 
stalled. A  director  elected  for  a  three-year  term  shall  not  be  eligible  to  serve  two 
consecutive  terms. 

Section  3.t  The  term  of  office  of  the  secretary  and  the  treasurer  may  be  termi- 
nated at  any  time  by  a  two-thirds  vote  of  the  executive  committee.  Their  compen- 
sation shall  be  fixed  by  a  majority  vote  of  the  executive  committee. 

The  secretary  shall  also  serve  as  secretary  of  the  executive  committee. 

Section  4.  The  secretary  and  the  treasurer  shall  be  required  to  give  bond  in  an 
amount  to  be  fixed  by  the  executive  committee. 

ARTICLE  VII. 

MEMBERSHIP   FEE   AND  DUES 

Section  l.f  Every  member  upon  joining  this  association  shall  pay  to  the  secre- 
tary an  entrance  fee  and  dues  as  prescribed  by  the  executive  committee.  No  member 
in  arrears  for  annual  dues  shall  be  entitled  to  vote  at  any  election  and  any  member 
more  than  one  year  in  arrears  may  be  stricken  from  the  list  of  members  at  the  discre- 
tion of  the  executive  committee. 

Section  2. J  A  person  stricken  from  the  list  of  members  because  of  non-pay- 
ment of  dues,  upon  written  application  may  be  reinstated  as  a  member  in  his 
former  class  without  loss  of  privileges,  either  upon  payment  of  all  back  dues  (which 
must  accompany  application)  or  at  the  discretion  of  the  Executive  Committee  voting 
in  the  manner  prescribed  in  Section  2,  Article  III. 

ARTICLE  VIII.* 

LOCAL  SECTIONS 

Section  1.**  Upon  the  application  of  ten  or  more  members  of  the  association 
residing  in  the  same  geographical  district,  or  having  offices  therein,  the  executive 
committee  shall  organize  a  local  section  for  that  district,  to  which  all  members  in 
that  district  shall  be  eligible.  Such  local  section  shall  admit  to  active  membership 
only  members  in  good  standing.  It  shall  hold  not  less  than  two  meetings  each  year, 
and  shall  be  governed  by  such  constitution  and  by-laws  not  inconsistent  with  the 
constitution  of  this  association  as  the  section  membership  may  adopt  and  the  execu- 
tive committee  of  the  association  approve. 

Section  2.  The  parent  association  shall  not  be  put  under  any  obligation,  either 
financial  or  in  the  matter  of  policy  or  opinion,  by  any  local  section. 

ARTICLE  IX. 

AMENDMENTS 

Section  1.  This  constitution  may  be  amended  at  any  regular  meeting  by  a  two- 
thirds  vote  of  the  members  present,  provided  that  notice  of  the  proposed  amendment 
or  amendments  has  been  sent  to  the  members  at  least  30  days  previous  to  said  regu- 
lar meeting. 

BY-LAWS 

TIME  OF  MEETING 
1.**    The  regular  meeting  of  this  association  shall  convene  annually  during  the 
month  of  September,  the  exact  date  to  be  fixed  by  the  Executive  Committee. 

PLACE  OF  MEETING 

2.**    The  place  of  holding  the  annual  convention  shall  be  Chicago,  111. 


tAmended  October  17,  1940. 
♦Article  adopted  1922. 
•Amended  September  20,  1948. 
tAmended  September  21,  1957. 
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3.  It  shall  lie  within  the  power  of  the  executive  committee  to  change  the  loca- 
tion or  time  of  the  meeting  if  it  becomes  apparent  that  it  is  for  the  best  interests  of 
the  association. 

QUORUM 

4.  At  the  regular  meeting  of  the  association,  15  or  more  members  shall  consti- 
tute a  quorum. 

**DUES 

5.  The  annual  dues,  for  the  fiscal  year  ending  August  31,  and  payable  in  ad- 
vance, shall  be  as  follows:* 

Members,  $7.00;  Associate  Members,  $7.00;  Junior  Members,  $5.00. 

DUTIES  OF  OFFICERS 

6.f  The  president  shall  have  general  supervision  over  the  affairs  of  the  asso- 
ciation. He  shall  preside  at  all  meetings  of  the  association  and  of  the  executive 
committee;  shall  appoint  all  committees  not  otherwise  provided  for,  and  shall  be 
ex-officio  member  of  all  committees.  He  shall  with  the  secretary  sign  all  contracts  or 
other  written  obligations  of  the  association  which  have  been  approved  by  the  execu- 
tive committee.  He  shall  render  a  detailed  report  at  least  three  times  during  the 
year  to  the  members  of  the  executive  committee,  showing  the  financial  condition  of 
the  association  and  its  activities. 

At  the  annual  meeting  the  president  shall  present  a  report  containing  a  state- 
ment of  the  general  conditions  of  the  association. 

7.  The  vice-presidents  in  order  of  seniority  shall  preside  at  meetings  in  the 
absence  of  the  president  and  discharge  his  duties  in  case  of  a  vacancy  in  his  office. 

8.f  It  shall  be  the  duty  of  the  secretary  to  keep  a  correct  record  of  the  pro- 
ceedings of  all  meetings  of  this  association,  and  of  all  accounts,  between  this  asso- 
ciation and  its  members;  to  collect  all  moneys  due  the  association,  and  deposit  the 
same  in  the  name  of  the  association.  He  shall  pay  all  bills  when  properly  certified 
and  approved  by  the  president  and  the  treasurer,  and  make  such  reports  as  may  be 
called  for  by  the  executive  committee.  He  shall  also  perform  such  other  duties  as 
the  association  may  require. 

9-t  The  treasurer  shall  have  charge  of  the  funds,  check  all  deposits  as  made 
by  the  secretary,  sign  all  checks  after  they  have  been  approved  by  the  president,  and 
invest  all  funds  not  needed  for  current  expenses  as  directed  by  the  executive  com- 
mittee.  He  shall  report  at  each  annual  meeting  on  the  condition  of  the  finances. 

NOMINATING  COMMITTEE 
10.8  After  each  annual  meeting  the  president  shall  appoint  a  committee  con- 
sisting of  five  members.  Two  Past  Presidents  shall  be  members  of  this  committee, 
one  of  whom  shall  act  as  Chairman.  No  other  officers  of  the  Association  shall  be 
appointed  to  this  committee.  This  committee  shall  prepare  a  list  of  names  of  nomi- 
nees for  officers  to  be  voted  on  at  the  next  annual  convention  in  accordance  with 
ARTICLE  VI  of  the  Constitution,  said  list  to  be  read  at  the  business  session  of  said 
convention.  Nothing  in  this  section  shall  be  construed  to  prevent  any  member 
making  further  nominations. 

AUDITING  COMMITTEE 
11.+    Prior  to  each  annual  meeting  the  president  shall  appoint  a  committee  of 
three  members,  not  officers  of  the  association,  whose  duty  it  shall  be  to  examine  the 
accounts  and  vouchers  of  the  secretary  and  the  treasurer  and  certify  as  to  the  correct- 
ness of  their  accounts. 

COMMITTEE  ON  SUBJECTS   FOR  DISCUSSION 
12.    After  each  annual  meeting  the  president  shall  appoint  a  committee  whose 
duty  it  shall  be  to  prepare  a  list  of  subjects  for  investigation  to  be  submitted  for 
approval  at  the  next  convention. 


tAmended  October  17,  1940. 
^Adopted  October  17,  1940. 
*  Amended  June  22,  1964. 
**  Amended  September  20,  1948. 
•Amended  December  4.  1950. 
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COMMITTEE  ON  INVESTIGATION 

13.  After  the  association  has  adopted  the  list  of  subjects  for  investigation  the 
president  for  the  succeeding  year  shall  appoint  the  committees  who  shall  prepare 
the  subjects  for  report  and  discussion.  He  may  also  appoint  individual  members  to 
prepare  reports  on  special  subjects,  or  to  report  on  any  special  or  particular  subject. 

PUBLICATION  COMMITTEE 

14.  After  each  annual  meeting  the  executive  committee  shall  appoint  a  publi- 
cation committee  consisting  of  three  active  members  whose  duty  it  shall  be  to  co- 
operate with  the  secretary  in  the  issuing  of  the  publications  of  the  association.  The 
assignment  of  this  committee  shall  be  such  that  at  least  one  member  shall  have 
served  on  the  committee  during  the  previous  year. 

ORDER  OF  BUSINESS 

15.+    Call  to  order  by  president. 

Opening  prayer  or  invocation. 

President's  address. 

Report  of  secretary. 

Report  of  treasurer. 

Appointment  of  special  committees. 

Reports  of  standing  committees  and  presentation  of  papers. 

Unfinished  business. 

New  business. 

Election  of  officers. 

Installation  of  officers. 

Adjournment. 


16.  The  votes  of  a  majority  of  the  members  present  shall  decide  any  questions, 
motion  or  resolution  which  shall  be  brought  before  the  association,  unless  other- 
wise provided.  Unless  specifically  provided  herein  otherwise,  all  discussions  shall  be 
governed  by  Robert's  rules  of  order. 

AMENDMENTS 

17.+  The  By-Laws  can  be  amended  by  a  two-thirds  vote  of  those  present  a( 
any  regularly  called  Executive  Committee  Meeting. 


tAmended  September  20,  1948. 


DIRECTORY  OF  MEMBERS 

as  of  December  1,  1964 

(Figure  after  each  name  indicates  year  when  member  joined  the  Association) 
*  Indicates  Junior  Member 

HONORARY   MEMBERS 

Barnhart,  E.  H.,  (Ret.)  Div.  Engr.,  B.  &  O.,       Strate,  T.  H.,   (Ret.)   Div.  Engr.,  C.  M.  St. 

St.  Petersburg,  Fla.    (1941)  P.  &  P.,  San  Ysidro,  Calif.  (1918) 

Howard,  N.    D.,    (Ret.)    Exec.   Secy.,   A.R.       Vandenburgh,  E.  C,   (Ret.)    Ch.  Engr.,  C. 
E.A.,  Evanston,  111.  (1926)  &  N.  W.,  Chicago,  111.  (1925) 

Winkelhaus,  L.  C,    (Ret.)    Arch.  Engr.,  C. 
&  N.  W.,  Chicago,  111.  (1934) 

ACTIVE   MEMBERS 


Adams,  J.  H.,  Jr.,  Bldg.  Engr.-Sys.,  C.  &  O., 
Huntington,  W.  Va.    (1961) 

Ahouse,  F.  B.,  Jr.,  Supvr.  B.  &  B.,  G.  &  F., 
August,  Ga.  (1964) 

Albert,  E.  A.,  Supvr.  B.  &  B.,  I.  C,  Cham- 
paign, 111.  (1964) 

Alderson,  A.  D.,  Asst.  Ch.  Engr.  Br.  &  Struct., 
S.  L.,  Minneapolis,  Minn.    (1961) 

Alexander,  M.  B.,  Supvr.  Struct.,  B.  &  L.  E., 
Greenville,  Pa.  (1961) 

Allen,  J.  P.,  Engr.  Brdgs.,  Sou.,  Knoxville, 
Tenn.    (1963) 

Allen,  W.  V.,  Supvr.  B.  &  B.,  C.  &  O.,  Hunt- 
ington, W.  Va.    (1959) 

Alley,  F.  T.,  Asst.  B.  &  B.  Supv.,  St.  L.  S. 
W.,  Tyler,  Tex.  (1955) 

Almendrales,  G.,  Design  &  Detailer-Brdg. 
Dept.,  C.  M.  St.  P.  &  P.,  Chicago,  111. 
(1964) 

Anderson,  M.  P.,  Ch.  Engr.,  Monon,  La- 
fayette, Ind.  (1959) 

Anthony,  O.  D.,  Civil  Engr.,  B.  &  A.,  Houl- 
ton,  Me.    (1962) 

Armstrong,  W.  F.,  Engr.  Bldgs.,  C.  &  N. 
W.,  Chicago,  111.    (1947) 

Arnold,  L.  K.,  Asst.  Gen.  Fore.  B.  &  B.- 
W.  S.,  A.  T.  &  S.  F.,  San  Bernardino, 
Calif.    (1963) 

Arrington,  R.,  Arch.  Designer,  S.  P.,  Hous- 
ton, Texas  (1963) 

Austin,  S.  B.,  Ch.  Engr.,  G.  &  F.,  Augusta, 
Ga.    (1963) 

B 

Babcock,  D.  L.,  Supv.  B.  &  B.,  C.  &  N.  W., 

Milwaukee,  Wis.    (1953) 
Bach,  S.  A.,  B.  &  B.  Supvr.,  M.  P.,  Monroe, 

La.    (1962) 
Baker,  F.  A.,  Asst.  Gen.  Br.  Insp.,  S.  P.,  San 

Francisco,  Calif.    (1955) 


Baker,  R.  C,  Asst.   Ch.  Engr.,  C.  &  E.   I., 

Chicago  Heights,  111.    (1940) 
Baldock,   R.   M.,   Weld.   Engr.,   N.    &   W., 

Roanoke,  Va.   (1961) 
Bangs,  E.  L.,  Gen.  Br.  Insp.,  C.  &  N.  W., 

Chicago,  111.   (1957) 
Barke,  W.  B.,  Asst.  Supv.  B.  &  B.,  G.  N.( 

Wenatchee,  Wash.  (1958) 
Barnes,  J.  A.,  Engr.  Trk.,  C.  &  N.  W.,  Chi- 
cago, 111.    (1957) 
Barsema,  M.,  Asst.  B.  &  B.  Supv.,  C.  &  N. 

W.,  Chicago,  111.  (1958) 
Baymiller,  R.  R.,  Div.  Engr.,  S.  P.,  Duns- 

muir,  Calif.   (1961) 
Beam,  Y.  C,  Mast.  Carp.,  S.  A.  L.,  Americus, 

Ga.  (1945) 
Beatty,  A.  G.,  Supv.  Scl.  &  Wk.  Equip.,  C 

&  N.  W.,  Chicago,  111.  (1957) 
Beaver,  J.  F.,  Ch.  Engr.,  Sou.,  Washington, 

D.  C.  (1950) 
Beeder,  R.  H.,  Ch.  Engr.-Sys.,  A.  T.  &  S.  F., 

Chicago,  111.  (1958) 
Bell,  D.  V.,  Mast.  Carp.,  B.  &  O.,  Dayton, 

Ohio  (1957) 
Benson,  O.  C,  Asst.  Engr.  M.  of  W.,  B.  & 

M.,  Boston,  Mass.   (1952) 
Beran,  J.  E.,  Draftsman,  C.  B.  &  Q.,  Chicago, 

111.   (1964) 
Beringer,  M.  A.,  Supt.  Br.  Erec,  I.  C,  Chi- 
cago, 111.   (1929) 
Berman,  N.,  Asst.  Engr.,  C.  M.  St.  P.  &  P., 

Chicago,  111.  (1961) 
Bertel,  D.  J.,  Asst.  Dist.  Engr.,  M.  P.,  Osa- 

watomie,  Kans.    (1957) 
Bickham,  D.  O.,  Mast.  Carp.,  C.  B.  &  Q., 

McCook,  Nebr.  (1964) 
Billmeyer,  E.  D.,  Br.  &  Struc.  Engr.,  W.  M., 

Baltimore,  Md.   (1955) 
Bisbee,  R.  D.,  Div.  Engr.,  P.  &  S.  F.,  Slaton, 

Tex.  (1947) 
Bishop,  I.  A.,  Mast.  Carp.,  S.  A.  L.,  Raleigh, 

N.  C.  (1955) 
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Advertisement 


for  the  best 

in  epoxy  resin,  specify: 


® 


epi-rez 

The  high  quality  performance  of  Epi-Rez  has  been  proven 
repeatedly  on  the  job. 


as  an  adhesive — 

to  bond  pre-stressed  concrete 
members. 

as  a  coating — 

to  maintain,  repair  and  protect 
various  types   of  surfaces. 

as  a  caulking,  patching  or 
surfacing  compound — 

to  repair  and  prevent  spoiling 
concrete. 

Epi-Rez  meets  the  most  rigid 
specifications  of  the  Plastics  In- 
dustry. It  is  available  in  drum 
lots  or  6,000-gallon  tank  cars. 

We  will  be  glad  to  make  avail- 
able to  you  the  most  up-to-date 
technical  information  or  to  have 
one  of  our  technical  repre- 
sentatives assist  you  in  the  so- 
lution of  your  problems— with 
no  cost  or  obligation  on  your 
part. 


Advertisement 
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and  for  the  best  results  with  epi-rez  specify: 


® 


epi-cure 


Epi-Cure  855,  858  and  872  are 
curing  agents  specifically  formu- 
lated to  give  epoxy  resins  the  opti- 
mum  properties. 

when  adhesion  to  damp  concrete 
surfaces  is  essential  or  when  bond- 
ing new  concrete  to  old— use  Epi- 
Cure  872. 

when  low  viscosity,  some  flexibility, 
and  long  pot  life  at  normal  curing 
temperatures  are  important— use 
Epi-Cure  855. 

when  higher  viscosity  is  necessary, 
with  more  flexibility  and  "early 
tack"  also  desirable  —  use  Epi-Cure 
858. 


JONES-DABNEY     CO. 

Division   of   Devoe   &   Raynolds  Company,   Inc. 

LOUISVILLE,  KY.  *  NEWARK,  N.J.  *  LOS  ANGELES,  CAL. 

Direct   inquiries  to   Resin   &   Chemicals  Division 
Station    E    Louisville,    Ky. 
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Black,  A.  R.,  Sp.  Rep.,  S.  P.,  Houston,  Texas 

(1953) 
Blackmore,  J.,  Sr.  Asst.  B.  &  B.  Supv.,  S.  P., 

San  Jose,  Calif.   (I960) 
Blake,  J.  E.,  Jr.,  Supv.  Struc,  P.  R.  R.,  Wil- 

liamsport,  Pa.   (1953) 
Blake,  V.,  Asst.  Ch.  Carp.,  C.  M.  St.  P.  &  P., 

Chicago,  111.  (1964) 
Blanchard,  L.  C,  Rdm.,  C.  M.  St.  P.  &  P., 

Minneapolis,  Minn.     (1962) 
Bleul,  G.  J.,  Engr.  Bldgs.,  B.  &  O.,  Balti- 
more, Md.    (1959) 
Bober,   H.,   B.   &   B.   Engr.,   G.   M.   &   O., 

Mobile,  Ala.  (1947) 
Bodie,  B.  V.,  Vice  Pres.  &  Gen.  Mgr.,  G.  M. 

&  O.,  Mobile,  Ala.  (1951) 
Boehling,  H.  A.,  Jr.,  Asst.  Supvr.  Brdg.  Erec- 

Sys.,  C.  &  O.,  Richmond,  Va.    ( 1948) 
Boeser,  G.  F.,  Asst.  Ch.  Carp.,  C.  M.  St.  P. 

&  P.,  Chicago,  111.    (1962) 
Boling,  E.  C,  Supv.  B.  &  B.,  N.  S.,  Raleigh, 

N.  C.  (1950) 
Bolte,  W.  R.,  Motor  Car  Shop  Fore.,  K.  C. 

S.,  Pittsburg,  Kans.   (1959) 
Booth,  H.  E.,  B.  &  B.  Mast.,  C.  N.  R.,  Saska- 
toon, Sask.,  Canada    (1957) 
Born,  J.  O.,  Prin.  Asst.  Engr.,  M.  C,  Port- 
land, Me.  (1956) 
Bost,  M.  R.,  Asst.  Engr.,  C.  M.  St.  P.  &  P., 

Chicago,  111.  (1959) 
Bowman,  H.  A.,  Mast.  Carp.,  F.  W.  &  D., 

Wichita  Falls,  Tex.   (1953) 
Bowman,  R.  M.,  Asst.  Supvr.  Str.,  P.  R.  R., 

Altoona,  Pa.  (1954) 
Bradfield,  R.  G.,  Engr.,  P.  R.  R.,  Chicago, 

111.  (1957) 
Brakensiek,  W.  E.,  Brdg.  Design  Engr.,  M. 

P.,  St.  Louis,  Mo.   (1962) 
Brandimarte,  J.  J.,  Jr.,  Supv.  Struc,  P.  R 

R.,  Pittsburgh,  Pa.   (1947) 
Brazeau,  R.,  Gen.  B.  &  B.  Supvr.,  Q.  N.  S. 

&  L.,  Sept  lies,  Que.,  Canada  (1961) 
Bredfeldt,  C,  Ch.  Drafts.,  C.  M.  St.  P.  &  P., 

Chicago,  111.  (1955) 
Bristow,  L.,  Engr.  Const.,  N.  Y.  C,  Cleve- 
land, Ohio  (1964) 
Brookshire,  W.  J.,  Supvr.  Struct.,  D.  &  R. 

G  W.,  Glenwood  Springs,  Colo.    (1962) 
Brouse,  R.  G.,  Sr.,  Mast.  Carp.,  C.  B.  &  Q., 

Chicago,  111.  (1951) 
Brown,  E.  J.,  Ch.  Engr.,  C.  B.  &  Q.,  Chicago, 

111.  (1955) 
Brown,  W.   S.,  Sp.  Engr.  Struct.,  B.  &  O., 

Baltimore,  Md.    (1959) 
Bruns,  H.  W.,  Designer,  I.  C,  Chicago,  111. 

(1963) 
Bryant,    N.    D.,    Asst.    Brdg.    Engr. -Const., 

St.  L.-S.  F.,  Springfield,  Mo.    ( 1961 ) 
Budzileni,  J.,  Struct.  Designer,  C.  R.  I.  &  P., 

Chicago,  111.    (1963) 
Buckmaster,  W.  A.,  Asst.  Div.  Engr.,  B.  & 

O.  C.  T.,  Chicago,  111.   (1951) 
Bull,  C.  L.,  Supvr. -Rdwy.  Maint.,  B.  S.,  Fair- 
field, Ala.  (1964) 


Bunch,  A.  H.,  Gen.  Fore.  B.  &  B.-W.  S.,  St. 

L.-S.  F.,  Ft.  Smith,  Ark.   (1951) 
Burford,  A.  E.,  Supv.  B.  &  B.,  I.  C,  Mem- 
phis, Tenn.   (1947) 
Burkel,  J.  N.,  Drafts.,  M.  P.,  St.  Louis,  Mo. 

(1951) 
Burleson,  H.  S.,  Engr.  B.  &  B.,  D.  M.  &  I. 

R.,  Duluth,  Minn.   (1961) 
Burns,  D.  H.,  Asst.  Supvr.  B.  &  B.,  G  N., 

Minor,  N.  D.  (1964) 
Burns,  F.  M.,  Asst.  Engr.-B.  &  B.,  D.  T.  & 

I.-A.  A.,  Dearborn,  Mich.   (1964) 
Burpee,    C.    M.,    Editor,   Wood    Preserving 

News.     American    Wood    Pres.    Institute, 

Hinsdale,  111.  (1930) 


Caldwell,  F.  O.,  Mast.  Carp.,  S.  A.  L.,  Jack- 
sonville, Fla.     (1959) 
Calhoun,   F.   B.,  Asst.   to  Ch.  Engr.,   S.   P., 

Houston,  Texas     (1959) 
Calza,  P.  J.,  Asst.  Engr.  M.  of  W.,  C.  R.  I.  & 

P.,  Chicago,  111.    (1961) 
Camelle,  E.  J.,  B.  &  B.  Supvr.,  S.  P.,  Lafay- 
ette, La.    (1954) 
Cameron,  W.  M.,  Ch.  Carp.,  C.  M.  St.  P.  & 

P.,  Milwaukee,  Wis.   (1955) 
Campbell,  H.  G,  Jr.,  Supvr.  Struct.,  P.  R.  R., 

New  York,  N.  Y.    (1963) 
Campbell,  J.   E.,  Gen.  Supv.  M.  of  W.&S. 

Weld.,  W.  P.,  Oakland,  Calif.   (1954) 
Campbell,  J.  G.,  Vice  Pres.  &  Gen.  Mgr., 

D.  &  M.,  Tawas  City,  Mich.    ( 1959) 
Cannon,  B.  E.,  Engr.  Struc,  Alaska,  Anchor- 
age, Alaska  (1959) 
Cantwell,  L.  C,  Supvr.  B.  &  B.,  N.  &  W., 

Portsmouth,  Ohio  (1961) 
Carlson,   A.   W.,   Engr.    Br.    &    Struc,   W. 

P.,  San  Francisco,  Calif.   (1955) 
Carpenter,  R.  H.,   (Ret.),  Engr.  M.  of  W., 

M.  P.,  Monroe,  La.   (1956) 
Carter,    T.    S.,    Vice    Pres.-Oper.,    M.-K.-T., 

Dallas,  Texas  (1954) 
Cary,  N.  M.,  Asst.  Ch.  Engr.  M.  W.  &  S., 

Southern,  Knoxville,  Tenn.    (1953) 
Casperson,  D.  F.,  Scale  Insp.,  C.  M.  St.  P. 

&  P.,  Minneapolis,  Minn.    (1964) 
Celander,  H.  W.,  Asst.  Engr.,  C.  M.  St.  P. 

&  P.,  Chicago,  111.   (1959) 
Cerrone,  L.  A.,  Asst.  Gen.  Bldg.  Insp.,  I.  C, 

Chicago,  111.  (I960) 
Chaffin,   E.   S.,   Supv.   B.   &  B.,   N.   &  W., 

Crewe,  Va.    (1957) 
Chamberlain,  H.  L.,  Supv.  Struc,  P.  R.  R., 

Indianapolis,  Ind.    (1956) 
Chamberlain,   P.   C,   Asst.   to  Engr.   Struc, 

E.-L.,  Cleveland,  Ohio  (1941) 
Chambers,  J.  W.,  Brdg.  Const.  Engr.,  M.  P., 

St.  Louis,  Mo.    (1962) 
Chamraz,  G.  J.,  Asst.  Arch.,  I.  C,  Chicago, 

111.  (1960) 
Chapman,   W.   E.,   Ch.   Engr.-Maint.,   C.   of 

G,  Savannah,  Ga.   (1959) 
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F.  K.  KETLER  CO 

Railroad  Bridge  Contractors 


EMERGENCY  BRIDGE  REPAIRS 
OUR  SPECIALTY 

Experienced  Bridgemen  accustomed  to  working  un- 
der Railroad  Operating  Conditions  are  immediately 
available 


EXTRAORDINARY  MAINTENANCE  ON 
FIXED   OR  MOVABLE  SPANS 

Repair  or   replacement  of  bearings   and   operating 
machinery 

Reboring  pin  holes  and  pin  replacement 

Eyebar  tension  adjustment 


EXPERT  OVERHAUL  OR 
CONVERSION  JOBS 

Rail-mounted  cranes  and  pile  drivers 


Inspection  and  Engineering  Service  Available 

327  So.  LaSalle  St.  Chicago  4,  111. 
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Fairchild,  E.  H.,  Asst.  Engr.,  U.  P.,  North 
Platte,  Nebr.  (1958) 

Flayhart,  W.  H.,  Gen.  Fore.  B.  &  B.,  P.  R. 
R.,  Williamsport,  Pa.   (1959) 

Fondren,  R.  W.,  Div.  Engr.,  Southern,  Win- 
ston-Salem, N.  C.    (1958) 

Forbes,  I.  G.,  Engr.  Bldgs.,  I.  C,  Chicago, 
111.  (I960) 

Foreman,  J.  E.,  Jr.,  Engr.  Struc.-Oper.,  B.  & 
L.  E.,  Greenville,  Pa.    (1957) 

Fort,  O.  E.,  Ch.  Engr.,  St.  L.-S.  F.,  Spring- 
field, Mo.    (1957) 

Fox,  J.,  Supv.  M.  of  W.,  C.  P.,  Montreal, 
Que.,  Can.   (1955) 

Fox,  R.  L.,  Proc.  Engr.-Struc,  Sou.,  Washing- 
ton, D.  C.   (1935) 

Franzen,  E.  T.,  Engr.  Struct.,  M.  P.,  St.  Louis, 
Mo.  (1957) 

Free,  J.  D.,  Asst.  Engr.  Const.,  F.  E.  C,  St. 
Augustine,  Fla.  (1961) 

Frelich,  R.  M.,  Asst.  Supvr.  Struct.,  S.  P., 
Houston,  Tex.    (1962) 

Fritzinger,  G.  F.,  Asst.  Engr.,  Wabash,  St. 
Louis,  Mo.  (1957) 

Frost,  L.  M.,  Supv.  B.  &  B.,  G.  T.  W.,  Battle 
Creek,  Mich.   (1938) 

Fuller,  T.  L.,  Div.  Engr.,  S.  P.,  Sacramento, 
Calif.   (1959) 

Fussell,  W.,  Asst.  Supv.  B.  &  B.,  L.  &  N., 
Pensacola,  Fla.  (1959) 


Gabrio,    C.    W.,    Engr.    Struc,    N.    &    W., 

Roanoke,  Va.   (1947) 
Gamble,  H.  H..  Zone  Dir.,  B.  &  M.,  Salem, 

N.  H.    (1957) 
Gammie,    R.    M.,    Mgr.    Maint.    &    Repair 

Dept.,    Kahului,    Kahului,    Maui,    Hawaii 

(1961) 
Gannon,    T.    P.,   Div.   Engr.,   S.   L.,   Stevens 

Point,  Wis.    (1947) 
Garland,  E.  F.,  Br.  Supv.,  N.  O.  P.  B.,  New 

Orleans,  La.   (1953) 
Gatch,  B.,  Tr.,  Jr.  Designer,  E.  J.  &  E.,  Joliet, 

111.    (1962) 
Geer,  W.  R.,  Asst.  B.   &  B.   Supvr.,  S.  P., 

Eugene,  Ore.    (1963) 
Gehrke,  E.  G..  Asst.  Secy.,  A.  R.  E.   A.  & 

Secy.,  Engr.  Div.,  A.  A.  R.,  Chicago,  111. 

(1959) 
Gendron,   P..   Civil   Engr..   O.  N.   S.   &   L., 

Sept  lies,  Que..  Canada  (1962) 
George,  S.  W..  Div.  Engr.,  W.  M.,  Cumber- 
land, Md.    (1956) 
Gibson,   D.   E.,   B.   &   B.    Mast.,   C.   N.   R., 

Capreol,  Ont..  Canada    (1963) 
Gibson,  D.  S..  Div.  Engr.,  S.  P.,  San  Antonio, 

Texas    (I960) 
Gibson,  W.  P.,  Svs.  Mast.  Carp.,  S.  P.  &  S., 

Portland.  Ore.    (1963) 
Gilbert,  W.  T-.  Asst.  Engr.,  C.  G.  W.,  Oel- 

wein.  la.   (I960) 
Gilmore,    T-   M.,   Supt.,  N.   Y.   C,   Buffalo, 

N.  Y.  (1959) 


Gipson,  C.  G.,  Gen.  Fore.  B.  &  B.  -  W.  S., 

A.  T.  &  S.  F.,  Winslow,  Ariz.   (1956) 
Goforth,   J.    A.,   Maint.   Engr.,   Clinchfield, 

Erwin,  Tenn.    (1954) 
Golem,  G.  G.,  Asst.  Engr.-Brdg.  Dept.,  I.  C, 

Chicago,  111.  (1964) 
Goodman,  C.  L.,  Asst.  Supvr.  B.  &  B.,  C. 

&  O.,  Covington,  Ky.  (1964) 
Gottsabend,  W.  J.,  Supv.  Struc,  P.  R.  R., 

Cincinnati,  Ohio   (1957) 
Graham,  E.  A.,  Asst.  Ch.  Engr.,  C.  &  S.-Ft. 

W.  &  D.,  Denver,  Colo.   (1961) 
Grant,  A.  F.,  Asst.  B.  &  B.   Supv.,  N.  P., 

Missoula,  Mont.    (1959) 
Green,  C.  C,  Mast.  Carp.,  B.  &  O.,  Mounds- 

ville,  W.  Va.    (1953) 
Greenlee,  J.  G.,  Clearance  Engr.,  P.  R.  R., 

Philadelphia,  Pa.   (1961) 
Gregory,  K.  E.,  Asst.  Div.  Engr.,  C.  R.  I.  & 

P.,  Blue  Island,  111.   (I960) 
Gresham,  H.  M.,  Ch.  Engr.,  T.  C.  T.,  Texas 

City,  Tex.  (I960) 
Grice,  R.  A.,  Asst.  B.  &  B.  Supv.,  N.  Y.  C. 

&  St.  L.,  Frankfort,  Ind.  (I960) 
Gueller,  H.  L.,  Asst.  Supvr.  B.  &  B.,  C  & 

N.  W.,  Green  Valley,  Wis.    ( 1959) 
Gunderson,  R.  R.,  Engr.  M.  of  W.,  W.  M., 

Baltimore,  Md.   (1947) 
Gustafson,  R.  W.,  Brdg.  Engr.,  G.  N.,  St. 

Paul,  Minn.  (1961) 

H 

Haase,  E.  H.,  B.  &  B.  Supv.,  S.  P.,  Oakland, 

Pier  #7,  Calif.  (1954) 
Hackett,  C.  A.,  Gen.  Brdg.  Insp.,  S.  P.,  San 

Francisco,  Calif.    (1961) 
Halliday,  H.  C,  B.  &  B.  Mast.,  C.  N.  R., 

Kamloops,  B.  C,  Canada  (1959) 
Hamilton,  H.  J.,  B.  &  B.  Insp.,  M.  P.,  De- 

Quincy,  La.    (1963) 
Hansen,  A.  E.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 

Tacoma,  Wash.   (1954) 
Harlow,  H.  M.,  Asst.  Gen.  Supvr.  B.  &  B., 

C.  &  O.,  Huntington,  W.  Va.    ( 1939) 
Harman,  C.  A.,  Gen.  Fore.  B.  &  B.,  P.  R.  R., 

Baltimore,  Md.   (1958) 
Harris,  E.  N.,  Gen.  B.  &  B.  Fore.,  A.  T.  & 

S.  F.,  Ft.  Madison,  la.   (1960) 
Harris,  L.  C,  Asst.   Gen.   Fore.  B.  &   B.  & 

W.   S.,  G.  C.  &  S.  F.,  Ft.  Worth,  Texas 

(1964) 
Harrison,  G.  C,  Ch.  Engr.,  L.  A.  Jet.,  Los 

Angeles,  Calif.   (1959) 
Hawley,    I.    H.,    Asst.    Engr.,    C.    &    I.    M., 

Springfield,  111.  (1957) 
Heck,  J.  E.,  Supv.  B.  &  B.,  C.  &  O.,  Ashland, 

Ky.  (1938) 
Hecker,  R.  L.,  Supvr.  B.  &  B.-W.  S.,  C.  &  O., 

Plymouth,  Mich.    (1947) 
Hedley,  W.  J.,  Asst.  Vice  Pres.,  N.  &  W.- 

West.  Reg.,  St.  Louis,  Mo.   (1950) 
Hefte,  A.,  Sr.  Asst.  B.  &  B.  Supvr.,  N.  W.  P, 

San  Rafael,  Calif.    (1952) 
Heinlen,  R.  H.,  Div.  Engr.,  G.  C.  &  S.  F., 

Ft.  Worth,  Tex.  (1957) 
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or  ■  Ballast  deck  plates  •  Tie  spacer  bars  •  Electrical  conduit  •  Girder 

IN    I  rl tot         I  cover  and  protection  plates  •  Bridge  railings  •  Bridge  drainage 


I 


APPLICATIONS    I  systems  *  Trough  plates  •  Pier  protection  plates  •  Transfer  bridge 
pontoons    •    Signal  and  bridge  warning  masts    •    Fire  curtains 


WROUGHT  IRON 

checks  corrosion,  prevents 
premature  fatigue  failure 

On  bridge  applications,  corrosion  and  fatigue  failure  take  a  daily  toll  from 
the  life  expectancy  of  ordinary  metals.  4-D  Wrought  Iron  is  different.  It's 
a  unique  composition  of  iron  silicate  fibers  and  high  purity  iron.  And, 
this  difference  gives  4-D  Wrought  Iron  the  ability  to  absorb  the  relentless 
punishment  of  corrosion,  shock  and  vibration. 

HOW  4-D  WROUGHT  IRON  FIGHT  CORROSION 

The  iron  silicate  in  4-D  Wrought  Iron  actually  puts  corrosion  to  work. 
4-D's  mechanical  barrier  of  fibers  detours  corrosion  and  forces  it  to 
extend  over  the  surface  of  the  metal  in  an  adherent,  protective  coating. 
Only  4-D  Wrought  Iron  offers  this  kind  of  protection  from  corrosion. 

WHAT  ABOUT  FATIGUE  FAILURE? 

In  resisting  fatigue,  the  iron  silicate  fiber  network  is  again  the  key.  With 
most  metals,  fractured  ends  correspond  to  a  broken  lump  of  sugar. 
Fibrous  4-D  Wrought  Iron,  when  fractured,  resembles  a  splintered 
hickory  plank.  4-D's  unique  structure  minimizes  stress  concentrations 
caused  by  shock  and  vibration — prevents  early  fatigue  failure. 

For  additional  information,  write  for  our  railroad  bulletin.  It  describes 
other  applications  where  4-D  Wrought  Iron's  resistance  to  corrosion  and 
fatigue  has  provided  low  cost  per  year  of  service. 

...the  plus  factor  is  BYERS  100 years  of  piping  experience 

a    PIPE  PRODUCTS:  Wrought  Iron  •  PVC  •  Steel 
WROUGHT  IRON  FLAT  ROLLED  PRODUCTS:  Plates  •  Billets  •  Bars 

Railroad  Sales  Headquarters:  905  Munsey  Building,  Washington  4,  D.C.     •    Offices  throughout  the  country 
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Charvat,  A.  W.,  Engr.  Bldgs,  C  R.  I.  &  P., 

Chicago,  111.    (1959) 
Chisholm,  A.  L.,  Asst.  B.  &  B.,  Supvr.,  N. 

W.  P.,  San  Rafael,  Calif.    (1963) 
Christensen,  M.  C,  Div.  Engr.,  C.  &  N.  W, 

Chicago,  111.    (1963) 
Christian,  J.  E.,  Asst.  Supv.  B.  &  B.-W.  Sup., 

(NF&G)  C.  &  O,  Rainelle,  W.  Va.  (1959) 
Clancy,  R.  E.,  Div.  Engr.,  A.  T.  &  S.  F.,  Los 

Angeles,  Calif.    (1961) 
Clark,  A.,  Asst.  Supvr.  B.  &  B.,  C.  &  N.  W„ 

Norfolk,  Nebr.    (1963) 
Clark,  K.  L.,  Prin.  Asst.  Engr.,  C.  M.  St.  P. 

&  P.,  Chicago,  111.    (1939) 
Clark,  W.  H.,  Dist.  Engr.,  A.  T.  &  S.   F., 

Topeka,  Kans.    (1959) 
Clouette,  H.  F.,  Supvr.  B.  &  B.,  N.  W.  P., 

San  Rafael,  Calif.     (1953) 
Coates,  J.  R.,  Asst.  Brdg.  Supvr.,  N.  O.  P.  B., 

New  Orleans,  La.  (1961) 
Cobb,  G.  W,  Sr.  Asst.  B.  &  B.  Supv.,  S.  P., 

Spatks,  Nev.  (I960) 
Code,  C.  J.,  Asst.  Ch.  Engr.-Staff,  P.  R.  R., 

Philadelphia,  Pa.   (1961) 
Coles,  J.  W.,  Asst.  Supvr.  B.  &  B.,  L.  &  N., 

Birmingham,  Ala.    (1964) 
Collings,  J.  E.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 

Aberdeen,  S.  D.   (1953) 
Conner,    L.    E.,    Gen.    Supv.   Rdwy.    Equip., 

S.  A.  L.,  Hamlet,  N.  C.  (1959) 
Conniff,  C.  F.,  Jr.  Engr.,  L.  &  N,  Birming- 
ham, Ala.   (1964) 
Cook,  J.  C,  Jr.,  Asst.  Gen.  Fore.  B.  &  B.- 

W.  S.,  G.   C.  &  S.  F.,  Ft.  Worth,  Tex. 

(1959) 
Cooper,  S.  A.,  Ch.  Engr.,  G.  M.  &  O.,  Mo- 
bile, Ala.  (1959) 
Corbett,  R.  K.,  Gen.  Fore.  B.  &  B.-W.  S., 

A.    T.    &    S.    F.,    San    Bernardino,    Calif. 

(1956) 
Cothran,  J.  T.,  B.  &  B.  Supvr.,  Sou.,  Colum- 
bia, S.  C.    (1963) 
Cothran,  R.  F.,  B.  &  B.  Supv.,  Sou.,  Knox- 

ville,  Tenn.  (1957) 
Crane,   J.   C,   Asst.   B.   &   B.   Supv.,   S.   P., 

Portland,  Ore.   (1957) 
Creek,  C.  W.,  Asst.  Supv.  Sttuc,  P.  R.  R., 

Chicago,  111.   (1957) 
Crespo,  M.  J.,  Gen.  Supv.  Br.  &  Sttuc,  W. 

P.,  San  Francisco,  Calif.  (1956) 
Crutchfield,  W.  T.,  Asst.  Gen.  Fore.,  A.  T. 

&  S.  F.,  Fort  Madison,  Iowa  (1964) 
Cruikshank,  A.  W.,  B.  &  B.  Supv.,  D.  &  H., 

Colonic  N.  Y.  (1950) 
Currier,    L.    F.,   Asst.   Br.   Engr.,   L.   &   N., 

Louisville,  Ky.    (1958) 
Cushman,  D.  G,  Asst.  B.  &  B.  Supvr.,  C. 

&  E.  I.,  Salem,  111.    (1963) 

D 

Dahlberg,  A.  R.,  B.  &  B.  Supv.,  W.  M., 
Hagerstown,  Md.    (1957) 

Davenel,  J.  R.,  Sys.  Brdg.  Insp.,  S.  P.,  Hous- 
ton, Texas  (1964) 


David,  J.  J.,  Supvt.  Auto  &  Wk.  Equip., 
S.  P.,  Lafayette,  La.   (1953) 

Davidson,  J.  W.,  Engr.  Br.,  C.  B.  &  Q., 
Chicago,  111.  (1957) 

Davis,  H.  E.,  Supv.  B.  &  B.,  N.  Y.  C,  Mat- 
toon,  111.   (1940) 

Davis,  L.  M.,  Asst.  Gen.  Fore.  B.  &  B.-W.  S., 
A.  T.  &  S.  F.,  Newton,  Kans.    ( 1963) 

Day,  F.  D.,  Atea  Engr.  Struc,  P.  R.  R.,  Pius- 
burgh,  Pa.  (1949) 

Deal,  C.  D.,  Supv.  Wk.  Equip.  &  Weld., 
N.  Y.  C,  Verplanck,  N.  Y.  (1959) 

Deno,  L.  J.,  Staff  Engr.-Maint.,  C.  &  N.  W., 
Chicago,  111.   (1947) 

Derryberry,  J.  T.,  Supv.  B.  &  B.,  W.  M., 
Cumberland,  Md.   (1955) 

DeValle,  T-  W.,  Ch.  Engr.-Brdgs.  &  Struct.. 
Southern,  Atlanta,  Ga.  (1959) 

DeWitt,  E.  C,  Asst.  B.  &  B.  Supvr.,  S.  P., 
San  Francisco,  Calif.  (1961) 

Dick,  M.  H.,  Vice  Pres.  &  Ed.,  Ry.  Trk.  & 
Struc,  Chicago,  111.   (1937) 

Dickinson,  C.  S.,  Supvr.  B.  &  B.,  C.  &  O., 
South  Shore,  Ky.    (1953) 

Diehl,  C.  M.,  Sr.  Asst.  Engr.,  W.  M.,  Cum- 
berland, Md.    (1959) 

Dimick,  C.  A.,  Supv.  B.  &  B.,  N.  Y.  C, 
Springfield,  Mass.   (1957) 

Dixon,  C.  E.,  Supv.  B.  &  B.,  M.  C,  Bangor, 
Me.  (1955) 

Doggett,  T.  S.,  Supvr.  B.  &  B.  &  M.  Force, 
R.  F.  &  P.,  Richmond,  Va.    ( 1959) 

Dove,  R.  E.,  Assoc.  Ed.,  Ry.  Trk.  &  Struc, 
Chicago,  111.  (1934) 

Dower,  E.  M.,  Asst.  Engr.,  D.  &  H.,  Albany, 
N.  Y.  (1964) 

Duffy,  P.  E.,  Supvr.  B.  &  B.,  G.  N,  Minne- 
apolis, Minn.  (1957) 

Duncan,  F.,  Rdm.,  N.  F.  &  D.,  Lawrence  - 
ville,  Va.  (1962) 

Duresky,  F.,  Jr.,  Supv.  B.  &  B.,  C.  &  N.  W., 
Huron,  S.  D.   (1942) 

E 

Eargle,  J.  M.,  Mast.  Carp.,  S.  A.  L.,  Atlanta, 
Ga.  (1953) 

Edlund,  M.  L,  Asst.  Engt.,  W.  M.,  Hagers- 
town, Md.    (1962) 

Eisemann,  J.  E.,  Ch.  Engr.-W.  L.,  A.  T.  &  S. 
F.,  Amarillo,  Tex.   (1961) 

Elliott,  C.  E.,  Engr.  Trk,  W.  P.,  San  Fran- 
cisco, Calif.   (1950) 

Ellis,  J.  S,  Supvr.  B.  &  B.-W.  S,  C.  &  O., 
Grand  Rapids,  Mich.    (1957) 

Elower,  L,  Trav.  Br.  Insp,  E.-L,  Owego, 
N.  Y.  (1948) 

Enderle,  R.  E,  Asst.  Div.  Supt,  B.  &  O, 
Baltimote,  Md.    (1955) 

Enger,  E.  M,  Supv.  B.  &  B,  C.  &  N.  W, 
St.  Paul,  Minn.    (1947) 

Engle,  T.  J,  Ensr.  Bldg,  C.  R.  I.  &  P, 
Chicago,  111.   (1959) 

Erskine,  J.  A,  Asst.  B.  &  B.  Engr,  G.  M.  & 
O,  Mobile,  Ala.   (1959) 

Etchison,  F.  L,  Ch.  Engr,  W.  M,  Balti- 
more, Md.   (1959) 
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Armco  MULTI-PLATE  selected  for 
its  low  cost  and  fast  installation 


A  twin  arch  bridging  a  creek  under  a  railroad  line  in  Kentucky  was  badly  in  need 
of  repair.  A  quick  and  economical  solution  was  needed.  Armco  MULTI-PLATE1® 
.r,ipe  provided  the  answer. 

Photo  shows  one  of  the  twin  24-foot-diameter  MULTI-PLATE  Pipes  installed. 
After  the  MULT  I -PLATE  Pipe  was  threaded  into  the  structure,  grout  was 
applied  between  the  old  arch  and  the  new  pipe.  While  the  steel  pipe  was  being 
assembled,  traffic  kept  moving  on  the  line,  because  all  work  was  done  inside  the 
old  structure. 

For  economical  relining  of  old  culverts  and  bridges,  or  for  durable  new  drainage 
structures,  railroads  have  used  MULTI-PLATE  for  decades.  Write  for  our  new 
MULTI-PLATE  catalog,  or  for  information  on  our  complete  line  of  corrugated 
steel  structures.  Metal  Products  Division,  Armco  Steel  Corporation,  Department  M-2654 
P.  0.  Box  800,  Middletown,  Ohio  45042. 


ARMCO  Metal  Froducts  Division 


v 


Advertisement 
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Never  leaves  you  in  the  dark 


Wayside  signs  of  "Scotchlite"  Reflective  Sheeting 
light  up,  bold  and  bright,  in  headlamp  beams. 
Trainmen  see  them  far  down  the  track,  even  in  bad 
weather.  You  get  improved  train  control,  greater 
operational  safety  .  .  .  yet  RTC  signs  cost  you  less ! 
No  costly  painting  or  field  maintenance.  Long- 
lasting  signs  for  your  entire  system  can  be  mass- 
produced  in  one  central  sign  shop.  Crossbucks,  too. 
See  how  much  money  your  road  can  save  with 
RTC.  See  your  3M  Representative. 


Advertisement 
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Scot  chl  ite 


BRAND 


REFLECTIVE    SHEETING 


Reflective  Products  Division 

:+T:+n  miNNESDTA  fTlINING  E  [T1ANUFACTURING  CD. 
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KEBsmwmm  more  mileage 

JBL    M— 8— BHH— — — B 


II 


THE   KERSHAW   HEAVY   DUTY 
BALLAST   REGULATOR 

Long  the  star  of  the  Kershaw  line, 
magnificent  machine  has  been1 
designed  and  improved  for  even  gre 
performance.  The  Heavy  Duty  Re 
lator  is  used  for  virtually  any  ba 
handling  operation  and  attachm 
are  availoble  for  many  other  type 
performance.  "If  you're  wor 
ballast,  the  Kershaw  Ballast  Regul 
does   it  better." 


THE  KERSHAW  SNOW  SWITCH  I 
CLEANER 

Another  attachment  for  the  Ba 
Regulator,  the  Snow  Switch  Get 
removes  packed  snow  from  switche 
even  the  worst  weather,  clearing  trc 
at  a  minimum  of  cost  and  effort. 


THE    KERSHAW  TRACK   LINER 

Utilizing      the      inertia     principle, 
Kershaw  Track   Liner   lines  track  w 
out  humping   and  at  a   speed  guai 
teed    to    match     any    tandem-tami 
gang.     The    Track     Liner    is    equip 
with      rail      clamps.      Both      rails 
clamped  between  wedge  blocks,  on 
indise,   and  the  outer  rail  clamps, 
firmly  clamps  both  rails  to  the  macr 
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R  MAINTENANCE  MONEY/ 


l  KERSHAW  WEED 
1  BRUSH  CUTTER 
-  TRACK  PATROL) 

ittachment  for  the 
|aw  Regulator,  the 
I  new  Kershaw 
E  and  Brush  Cutter 
I  Track  Patrol) 
l  brush  up  to  16 
hrom  the  center  line 
ither  side.  Hydrauli- 
h powered  rota  r  y 
rs  mow  down  grass, 
h  brush  and  even 
l  trees  which  impair 
I  on  the  sides  of 
ack.  A  center  cut- 
s  optional  equip- 
The  machine  also 
ries  and  deweeds  the 
lit    shoulder. 


I  KERSHAW  DUAL  TIE  SAW 

LDped  with  Tie- End  Remover,  the  Tie 
*cuts  old  ties,  removes  them  without  dis- 
rlng  the  line  or  surface  of  the  track! 
r  sabre-type  saws  cut  the  tie  just  inside 
(fail.  The  machine  picks  up  the  center 
Eon  while  the  Tie-End  Remover  pushes 
Outts   from   beneath   the    rail. 


THE  KERSHAW  TIE  BED  SCARIFIER 

After  the  old  tie  has  been  removed  the 
Kershaw  Tie  Bed  Scarifier  scarifies  (DOES 
NOT  DESTROY)  the  old  tie  bed  and  then 
inserts  the  new  tie.  Only  one  operator  and 
a  helper  are  required  to  insert  the  new  tie. 


Kfrshaw 


MANUFACTURING  CO 


P.O.  BOX  1711     •     MONTGOMERY.  ALABAMA  ,    U.S.A. 
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Helfrich,  J.,  B.  &  B.  Supvr.,  L.  V.,  Buffalo, 

N.  Y.   (1964) 
Hellweg,  R.  D.,  Asst.  Reg.  Engr.,  G.  M.  & 

O.,  Bloomington,  111.  (1947) 
Helm,  J.  M.,  Designer,  I.   C,  Chicago,   111. 

(1963) 
Helmle,   C.    E.,   Asst.    to    Ch.   Engr.,    S.    P., 

Houston,  Tex.    (1959) 
Hemmer,  A.   F.,  Mast.   Carp.,  C.  B.  &  Q., 

Omaha,  Nebr.   (1959) 
Hendrix,  W.  P.,  Engr.  B.  &  B.,  P.  R.  R., 

Philadelphia,  Pa.   (1954) 
Herbort,  W.  F.,  Asst.  Supvr.  Struct.,  P.  R.  R., 

Columbus,  Ohio    (1963) 
Hickok,  B.  M.,  Supv.  B.  &  B.,  N.  Y.  C, 

Cleveland,  Ohio   (1951) 
Hiner,  J.  T.,  Ch.  Engr.  M.  of  W.  &  Struct., 

Southern,  Atlanta,  Ga.  (1950) 
Hinsch,  L.  C,  Asst.  Div.  Engr.,  C.  M.  St.  P. 

&  P.,  Savanna,  111.    (1957) 
Hobbs,   J.   C,   Supv.  B.   &   B.,   Clinchfield, 

Erwin,  Tenn.    (1958) 
Hodgkins,    E.   W.,   Jr.,   Exec.    Secy.,   A.   R. 

E.  A.,  Chicago,  111.  (1958) 
Hogel,  E.  C,  B.  &  B.  Supv.,  U.  P.,  North 

Platte,  Nebr.   (1958) 
Hopkins,  J.  M.,  Engr.  Design,  E.  J.  &  E., 

Joliet,  111.  (1958) 
Hopton,  J.  P.,  Engr.  Maint.,  C.  U.  T.,  Cin- 
cinnati, Ohio  (1955) 
Horney,  M.   L,   Supvr.  B.  &  B.,   I.  T.,   St. 

Louis,  Mo.    (1961) 
Hornig,  F.  F.,  Div.  Engr.,  C.  M.  St.  P.  &  P., 

Austin,  Minn.    (1947) 
Howard,  J.  G.,  Asst.  B.  &  B.  Supvr.,  W.  P., 

Sacramento,  Calif.    (1953) 
Howard,  P.  D.,  R.  R.  Supv.,  Minn.  Mining 

&  Mfg.,  St.  Paul,  Minn.  ( 1957) 
Howard,  W.  A.,  B.  &  B.  Supvr.,  S.  P.,  Ennis, 

Texas    (1963) 
Howe,  W.  C,  Engr.  B.  &  B.,  B.  &  L.  E., 

Greenville,  Pa.  (1959) 
Huckabay,  J.  B.,  Gen.  Fore.  B.  &  B.  &  W.  S., 

A.  T.  &  S.  F.,  Albuquerque,  N.  M.  (1958) 
Huckaby,  V.  T.,  Asst.  Div.  Engr.,  M.-K.-T., 

Parsons,  Kans.   (1947) 
Huffman,  W.  H.,  Asst.  Ch.  Engr.-Const.,  C. 

&  N.  W.,  Chicago,  111.   (1941) 
Humphreys,  R.  W.,  Asst.  to  Vice  Pres.-Oper., 

N.  P.,  St.  Paul,  Minn.  (1947) 
Hunt,  H.  A.,  Asst.  Ch.  Engr.,  S.  P.,  Houston, 

Tex.    (1959) 
Hunter,    A.    L.,    Struc.    Insp.,    B.    &    L.    E., 

Greenville,  Pa.   (I960) 
Huntsman,  W.  J.,  Supvr.  Struc,  D.  &  R.  G. 

W.,  Murray,  Utah  (1957) 
Hurley,  G.  L.,  Gen.  B.  &  B.  Supv.,  Q.  N.  S. 

&  L.,  Sept  Isles,  Que.,  Can.  (1959) 
Hutchens,  J.  W.,  Gen.  Supvr.  Wk.  Equip., 

S.  P.,  West  Oakland,  Calif.    ( 1961 ) 
Hutcheson,  F.  W.,  Supv.  B.  &  B.,  C.  &  O., 

Newport  News,  Va.   (1938) 
Hutcheson,  T.  B.,  Ch.  Engr.,  S.  A.  L.,  Rich- 
mond, Va.  (1961) 


Hutchinson,   D.   G.,  Asst.   B.   &   B.  Supvr., 

W.  P.,  Elko,  Nev.    (1950) 
Hutto,   J.    E.,   Gen.    Brdg.   Insp.,    S.   A.    L., 

Savannah,  Ga.    (1951) 
Hynes,    E.   J.,   Transp.    Engr.,   D.    T.    &    I., 

Dearborn,  Mich.   (1958) 


J 

Jackman,  C.   E-,  Ch.   Oper.   Off.,  B.  &  O., 

Baltimore,  Md.    (1958) 
Jackson,  C.  S.,  Jr.  Engr.,  G.  M.  &  O.,  Bloom- 
ington, 111.    (1962) 
Jacobs,  T.  F.,  Brdg.  &  Str.  Engr.,  G.  T.  W., 

Detroit,  Mich.   (1962) 
Jarratt,  M.,  Wtr.  &  Fuel  Supv.,  S.  P.,  Tucson, 

Ariz.   (1950) 
Jawor,  J.  J.,  Br.  Insp.,  P.  R.  R.,  Chicago, 

111.  (1959) 
Jenkins,  H.  W.,  Ch.  Engr.,  N.  Y.  N.  H.  & 

H.,  New  Haven,  Conn.   (1940) 
Jentoft,  L.  H.,  (Ret.)  Asst.  Ch.  Engr.  M.  of 

W.,  E.-L.,  Lakewood,  Ohio  (1959) 
Johnson,  A.  C,  Engr.  B.  &  B.,  E.  J.  &  E., 

Joliet,  111.    (1944) 
Johnson,  A.  E.,  B.  &  B.  Supvr.,  Sou.,  Chatta- 
nooga, Tenn.    (1963) 
Johnson,  A.  J.,  Asst.  Mast.  Carp.,  B.  &  O., 

Garrett,  Ind.  (1964) 
Johnson,  E.  A.,  Engr.   Br.,  I.   C,   Chicago, 

111.   (1953) 
Johnson,  E.  B.,  Asst.  Engr.  Trk.  &  Struct., 

C.  &  W.  I.,  Chicago,  111.    ( 1962) 
Johnson,  H.  L.,  B.  &  B.  Supvr.,  M.  P.,  De- 

Quincy,  La.    (1963) 
Johnson,  H.  T.,  Asst.  Supv.  Struc,  P.  R.  R., 

New  York,  N.  Y.  (I960) 
Johnson,  R.  W.,  Sp.  Rep.,  A.  A.  R.,  Chicago, 

111.  (1964) 
Johnston,  G.  H.,  Bldg.  Supt.,  A.  T.  &  S.  F., 

Topeka,  Kans.  (1950) 
Jones,  E.  B.,  Supvr.  Brdg.  Erect.,  C.  &  O., 

Huntington,  W.  Va.  (1945) 
Jones,  W.  J.,  Engr.  Maint.  of  Way  &  Struct., 

S.  P.,  San  Francisco,  Calif.    (1962) 
Jorlett,  J.  A.,  Struc.  Engr.,  N.  Y.  Improve., 

P.  R.  R.,  New  York,  N.  Y.  (1946) 
Julius,  H.  R.,  B.  &  B.  Supvr.,  I.  C,  Water- 
loo, Iowa  ( 1963) 

K 

Kahl,  F.  B.,  Asst.  Supt.  Maint.  &  Engr.,  G. 

N,  Klamath  Falls,  Ore.  (1959) 
Kampwirth,  J.  L.,  Asst.  Engr.,  C.  M.  St.  P. 

&  P.,  Chicago,  111.   (1960) 
Kelly,  T-  R-,  B.  &  B.  Supv.,  Sou.,  Somerset. 

Ky.  (1952) 
Kendall,  J.  T.,  Asst.  Supvr.  Struct.,  P.  R.  R., 

Philadelphia,  Pa.    (1949) 
Kenyon,  J.  R.,  Gen.  B.  &  B.  Supv.,  N.  Y. 

N.  H.  &  H,  New  Haven,  Conn.   (1955) 
Kick,  C.  W.,  Asst.  B.  &  B.  Supv.,  N.  P., 

Seattle,  Wash.  (I960) 
Kieckers,    E.   W.,    Brdg.   Engr.,    M.    P.,    St. 

Louis,  Mo.  (1958) 
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lonley  Sliding  Joints  use  a  wing 
lo  relieve  welded  rail  track  ex- 
ion  and  contraction,  which  fre- 
i'ly  causes  track  buckling,  spread- 
spike  pulling,  pull-aparts  and 
damages  that  interrupt  traffic. 


Conley  Sliding  Joints  respond 
10  m  a  t  i  c  a  I  I  y  to  temperature 
jes  that  affect  welded  rails. 
|  relieve  rail  expansion  in  hot 
iter  and  contraction  in  cold 
ler. 


IR    200 
ITALLATIONS 
I  TWELVE 
LROADS 


-'  TAKES  CARE  OF 


Welded  Rail  Expansion 

Engineered  for  dependable  operation  and  built  for  lasting  ruggedness, 
Conley  Sliding  Joints  effectively  and  positively  compensate  for  the  ex- 
pansion and  contraction  of  welded  track  rails.  They  adequately  and 
fully  meet  every  requirement  for  today's  (and  tomorrow's)  heavy,  high- 
speed traffic. 


The  Conley  Sliding  Joint  installation  pic- 
tured above  shows  the  heavy  wheel 
tread  provided  at  all  times  regardless  of 
how  much  expansion,  or  contraction  is 
taking  or  has  already  taken  place.  These 
sliding  joints  with  extra  heavy  wheel- 
guide  rails,  weigh  over  2,400  pounds  each. 
Each  unit  is  complete  within  itself.  Each 
one  functions  independently  of  the  other. 
Each  is  fully  automatic  and  responds 
so'ely  to  the  variations  induced  by  tem- 
perature   changes — whether    hot    or    cold. 


These  joints  are  non-freezing,  non-binding, 
non-locking  and  non-buckling.  The  sliding 
wing  rails  move  only,  if  and  when  tem- 
perature changes  require  relief  of  rail 
expansion    or   contraction. 

Use  Conley  Sliding  Joints  on  trestles, 
curves  or  in  other  critical  locations  where 
rail  expansion  and  contraction  must 
be  relieved  to  prevent  track  damage. 
Write  or  call  for  further  information, 
specifications    and    engineering    data. 


;  a  good  look  at  the  above 
jo.  It  shows  you  how  the 
ley  Sliding  Jo:nt  wing  rail 
lis  to  relieve  expans'on  or 
action   of  welded   track. 


SLIDING  JOINT  RAILS 

Completely  Automatic  —  Temperature   Controlled 


Our    engineering,    manufacturing    and    installation 
advisory    services   a"-e    offered    gratis   and    without 
obligation. 


ONLEY 


DESIGNED  AND  MANUFACTURED  BY 

CONLEY   FROG  &.  SWITCH  COMPANY 

362  Bod  ley  Ave.  •  P.  O.  BOX  3188 

MEMPHIS  9    TENNESSEE 
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Kinney,  T.  R.,  Engr.  Struct.,  C.  &  E.  I.,  Chi- 
cago Heights,  111.   (1961) 

Kirchen,  J.  G.,  Asst.  Engr.,  C.  M.  St.  P.  & 
P.,  Chicago,  111.  (1964) 

Kirkman,  T.  C,  Civil  &  Ind.  Engr.,  H.  P. 
T.  &  D.,  High  Point,  N.  C.  ( 1961 ) 

Klein.  C.  A.,  Br.  Maint.  Engr.,  Reading, 
Philadelphia,  Pa.   (1958) 

Klempnauer,  E.  C,  B.  &  B.  Gen.  Fore.,  K. 
C.  T.,  Kansas  City,  Mo.   (I960) 

Klouda,  R.  G.,  Asst.  Engr.,  C.  M.  St.  P.  & 
P.,  Chicago,  111.  (1956) 

Koehler,  P.  L.,  Div.  Supt.,  C.  &  O.,  Coving- 
ton, Ky.   (1938) 

Koenig,  M.  E.,  Div.  Engr.,  C.  &  N.  W.,  St. 
Paul,  Minn.  (1957) 

Krefting,  A.  S.,  Ch.  Engr.,  S.  L.,  Minneapolis, 
Minn.  (1935) 

Kruse,  H.  H.,  Asst.  Supvr.  Brdg.  Maint.,  C. 
M.  St.  P.  &  P.,  Chicago,  111.  (1957) 

Kubacki,  L.  R.,  Area  Engr.  Struct.,  P.  R.  R., 
Chicago,  111.   (1961) 

Kubly,  I.  J.,  B.  &  B.  Supv.,  I.  C,  Chicago, 
111.  (I960) 


La  Chapelle,  H.  A.,  Ch.  Engr.,  G  B.  &  W., 

Green  Bay,  Wis.    (1961) 
Lackey,   J.    B.,   B.    &   B.    Supv.,    L.    &   N., 

Louisville,  Ky.    (1958) 
Landers,  T.  W.,  Off.  Engr.,  Q.  N.  S.  &  L., 

Sept  lies,  Que.,  Canada  (1961) 
Langmeyer,  A.  F.,  Arch.,  I.  C,  Chicago,  111. 

(1960) 
Langston,  J.  H.,  Rdm.,  St.  L.-S.  F.,  Pensa- 

cola,  Fla.    (1959) 
Larson,   K.,   Supv.   B.   &   B.,   C.   &  N.   W., 

Boone,  Iowa  (1957) 
Laurick,  M.  J.,  Supvr.  Struct.,  P.  R.  R.,  Co- 
lumbus. Ohio    (1952) 
Lawson,  W.  W.,  Transit.  Insp.,  A.  T.  &  S.  F., 

San  Francisco,  Calif.  (1964) 
Lea,  E.  T.,  Ch.  Engr.  M.  of  W.  &  Struc, 

C.  &  G,  Columbus,  Miss.   (1959) 
Leach,   A.   L.,   Asst.   Engr.   Br.,   I.   C,   Chi- 
cago, 111.  (1955) 
LeDonne,  J.  A.,  Engr.  Trk.,  Monon.  Conn., 

Pittsburgh,  Pa.    (1958) 
Ledyard,   W.,   Div.   Engr.,  N.   Y.   C,   New 

York,  N.  Y.    (1962) 
Lee,  R.  W.,  B.  &  B.  Supvr.,  Sou.,  Sheffield, 

Ala.   (1961) 
Lehman,  J.  F.,  Gen.  Fore.,  P.  R.  R.,  Chicago, 

111.  (I960) 
Leinweber,  F.  J.,  B.  &  B.  Mast.,  C.  N.  R., 

London,  Ont.,  Canada    (1947) 
Lenco,  W.,  Asst.  Ch.  Engr.,  C.  N.  R.,  Monc- 

ton,  N.  B.,  Canada  (1961) 
Lenten,  C.  F.,  Incorp.,  C.  &  L.  C,  Lansing, 

Mich.    (1963) 
Lewellyn,  A.  C,  Div.  Brdg.  Insp.,  B.  &  O., 

Garrett,  Ind.   (1964) 
Lieser,  H.  J.,  Supv.  B.  &  B.,  C  &  W.  I., 

Chicago,  111.   (1948) 
Lingle,  T.  NL  Supv.  B.  &  B.,  I.  C,  Carbon- 
dale,  111.   (1951) 


Linn,  G.  A.,  Div.  Engr.,  C.  &  N.  W.,  Chad- 

ron,  Nebr.   (1940) 
Little,  H.  C,  Supv.  W.  S.,  I.  C,  New  Or- 
leans, La.  (1948) 
Littlefield,  R.  I.,  Asst.  B.  &  B.  Supv.,  S.  P., 

Oakland,  Calif.  (I960) 
Lodeski,  J.  B.,  Ch.  Draftsman,  C.  &  N.  W., 

Chicago,  111.   (1964) 
Logan,   P.  W.,  B.  &  B.   Insp.,  N.  Y.  C.   & 

St.  L.,  Lima,  Ohio    (1964) 
Loggins,   L.  A.,   Ch.  Engr.,  T.   &  L.   Lines, 

S.  P.  Houston,  Tex.   (1959) 
Lokotzke,  G.  P.,  Supv.  B.  &  B.,  E.  J.  &  E., 

Gary,  Ind.  (1947) 
Long,  W.   R.,  Asst.   B.  &  B.  Supvr.,  S.  P., 

Albany,  Ore.    (1963) 
Lowry,  J.  M.,  Ch.  Engr.,  St.  L.  S.  W.,  Tyler, 

Tex.   (1950) 
Loznak,  S.  R.,  B.  &  B.  Supvr.,  A.  A.,  Owosso, 

Mich.   (1964) 
Lucas.  H.  F.,  Asst.  Engr.,  C.  M.  St.  P.  &  P., 

Chicago,  111.   (1952) 
Luce,  W.  L.,  Mast.  Carp.,  E.-L.,  Youngstown, 

Ohio  (1952) 
Lund,  C  V.,  Asst.  to  Ch.  Engr.,  C.  M.  St.  P. 

&  P.,  Chicago,  111.  (1947) 
Lundgren,  H.  M.,  B.  &  B.  Mast.,  C.  N.  R., 

Winnipeg,  Man.,  Canada   (1957) 
Lynch,  J.  F.,  Jr.,  Div.  Engr.,  S.  P.,  Oakland, 

Calif.  (1959) 
Lyon,  L.  E.,   Prin.   Asst.   Div.   Engr.,   S.   P., 

Walnut  Creek,  Calif.    (1947) 


Mc 

McCall,  R.  G.,  Asst.  B.  &  B.  Supvr.,  D.  & 

R.  G  W.,  Grand  Junction,  Colo.   (1963) 
McCormick,  K.  L.,  B.  &  B.  Supv.,  Pac.  Elec, 

Los  Angeles,  Calif.   (1958) 
McCosky,  L.  E.,  Supv.  B.  &  B.,  C.  &  N.  W., 

Eau  Claire,  Wis.  (1958) 
McDermott,  B.  F.,  Div.  Engr.,  C.  &  N.  W., 

Norfolk,  Nebr.  (I960) 
McDiarmid,  R.  J.,  Supv.  B.  &  B.,  E.  J.  &  E., 

Joliet,  111.  (1957) 
McGee,  F.  E.,  Ch.  Draftsman,  P.  R.  R.,  Chi- 
cago, 111.  (1960) 
McGrew,  B.  H.,  Supv.  B.  &  B.,  St.  L.  S.  W., 

Tyler,  Tex.  (1951) 
McGrew,  F.  O.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 

Minneapolis,  Minn.   (1948) 
McGuffee,  R.  C,  Jr.,  Engr.,  T.  Ry.,  A.  S.  D., 

Mobile,  Ala.   (1961) 
McHaffie,  J.  N.,  Asst.  Supvr.  B.  &  B.,  G.  N., 

Minneapolis,  Minn.    (1962) 
McKanna,  A.  D.,  Gen.  Fore.,  A.  T.  &  S.  F., 

Newton,  Kans.    (1962) 
McKenney,  C  E.,  Sys.  Scl.  Insp.,  N.  Y.  C.  & 

St.  L.,  Ft.  Wayne,  Ind.   (1956) 
McKibben,  D.   H.,  Supv.   Struc,  P.   R.   R., 

Harrisburg,  Pa.   (1951) 
McMann,  J.  B.,  Gen.  B.  &  B.  Fore.,  U.  P., 

Omaha,  Nebr.   (1958) 
McNally,  G  S.,  Designer,  I.  C,  Chicago,  111. 

(1963) 
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DUPONT 

WEED  AND  BRUSH  KILLERS 

. . .  willlower  your  maintenance  costs 
by  controlling  vegetation  effectively 
for  a  season  or  longer 

Economical  control  of  weeds,  grass  and  brush  is  what  you  can  expect  when 
you  apply  dependable  Du  Pont  weed  and  brush  killers. 

Unwanted  vegetation  causes  improper  drainage,  foul  ballast,  fire  hazards 
.  .  .  which  means  costly  maintenance  work. 

Weed  and  Brush  Killers  Available  from  Du  Pont  Include: 

•  HYVAR®   X  bromacil  weed  killer 

Especially  effective  on  hard-to-kill  perennial  weeds  and 
grasses  such  as  Johnson,  Bermuda,  nut,  quack,  vasey  and 
other  grasses.  It's  also  effective  on  many  tough  to  control 
broadleaf  species. 

O  HYVAR®   X-WS   bromacil  weed  killer 

A  water  soluble  powder  designed  primarily  for  situations 
where  spray  tank  agitation  is  not  available,  marginal  or  not 
practical.  Vegetation  control  after  application  is  identical 
to  "Hyvar". 

•  KARMEX®  diuron  weed  killer 

•  TELVAR®  monuron  weed  killer 

Both  chemicals  offer  dependable,  versatile,  effective  and  long- 
term  control  of  weeds  and  grass. 

•  AM  MATE®  weed  and  brush  killer  solution 

Controls  brush  effectively  and  most  important,  "Ammate"  is 
non-volatile  —  spray  won't  drift  to  damage  nearby  vapor- 
sensitive  crops  such  as  cotton,  soybeans  and  vegetables. 

•  DYBAR®  fenuron  weed  and  brush  killer 

Pellets  of  "Dybar"  are  easy-to-use,  right  from  the  package 
and  are  ideal  for  controlling  light-to-medium  stands  of  brush 
in  areas  equipment  can't  reach. 

There's  a  Du  Pont  weed  and  brush  control  specialist  in  your  area.  Let 
him  bring  his  technical  knowledge  and  experience  to  help  you  solve  your 
weed  and  brush  control  problems.  Also,  ask  contract  applicator  represent- 
atives for  additional  information  on  Du  Pont  weed  and  brush  killers  and 
information  on  dry  formulated  products  that  contain  Du  Pont  chemicals. 

On  all  chemicals,  follow  labeling  instructions  and  warnings  carefully. 
WEED  AND   BRUSH    KILLERS 


E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.) 
Industrial  and  Biochemicals  Dept. 
Room  N-2539 

Better  Things ^"^Livin,   Wilmington,  Delaware  19898 
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M 

MacDonald,  H.  R.,  Asst.  B.  &  B.  Mast.,  C. 
N.  R.,  Portage  La  Prairie,  Man.,  Canada 
(196^) 

Mack,  H.  L.,  Asst.  Engr.,  M.  P.,  Houston, 
Tex.    (1939 ) 

MacQuarne,  A.  C,  B.  &  B.  Mast.,  C.  N., 
New  Glasgow,  N.  S.,  Can.  (1957) 

Madden,  E.,  Supt.  B.  &  B.,  T.  &  P.,  Ft. 
Worth,  Texas    (1963) 

Madvig,  H.  J.,  (Ret.)  Asst.  Engr.,  C.  M.  St. 
P.  &  P.,  Minneapolis,  Minn.   (1959) 

Makarowski,  A.,  Asst.  B.  &  B.  Mast.,  C.  N. 
R.,  Edmonton,  Alta.,  Canada  (1964) 

Mallard,  R.  D.,  B.  &  B.  Insp.,  M.  P.,  Pales- 
tine, Texas   (1964) 

Malmberg,  C.  R.,  Supv.  B.  &  B.,  C.  &  N. 
W.,  Escanaba,  Mich.   (1957) 

Manson,  A.,  Div.  Engr.,  L.  &  N.,  Birming- 
ham, Ala.  (1957) 

Marks,  C.  K.,  Brdg.  Engr.,  C.  G.  W.,  Oel- 
wein,  Iowa    (1963) 

Marriott,  L.  S.,  Asst.  to  Engr.  Bldgs.,  I.  C, 
Chicago,  111.  (1960) 

*  Marshall,  M.,  Designer,  I.  C,  Chicago,  111. 
(I960) 

Martin,  J.  D.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 
Canton,  S.  D.   (1955) 

Martin,  J.  W.,  Mast.  Carp.,  S.  A.  L.,  Tampa, 
Fla.  (1953) 

Martin,  R.  T.,  Supvr.  B.  &  B.,  F.  E.  C, 
Miami,  Fla.    (I960) 

Martyn,  G.  W.,  Off.  Engr.,  E.  J.  &  E.,  Joliet. 
111.  (1959) 

Mason,  E.  L.,  B.  &  B.  Supvr.,  M.  P.,  Corpus 
Christi,  Texas    (1946) 

Mason,  S.  K.,  Ch.  Engr.,  T.  M.,  Laredo,  Tex. 
(1950) 

Mathias,  H.  O.,  Asst.  Engr..  P.  R.  R..  Chi- 
cago, 111.  (1959) 

Mathieu,  J.  L.,  Draftsman,  I.  C,  Chicago, 
111.    (1963) 

Matney,  E.  A.,  Asst.  to  Engr.  Brdgs.,  C.  R.  I. 
&  P.,  Chicago,  111.    (1963) 

Matthews,  H.  A.,  Gen.  Fore.  B.  &  B.-W. 
S.,  St.  L.  -  S.  F.,  Amory,  Miss.  (1949) 

Matthews,  W.  L.,  Sr.  Asst.  B.  &  B.  Supv., 
S.  P.,  Tucson,  Ariz.  (1953) 

May,  C.  B.,  Asst.  Engr.,  St.  L.-S.  F.,  Amory, 
Miss.    (1962) 

Mays,  J.  W.  N.,  Asst.  Engr.-Sys.,  P.  R.  R., 
Philadelphia,  Pa.   (1947) 

Meeker,  G.  W.,  Gen.  B.  &  B.  Fore..  N.  Y. 
N.  H.  &  H.,  Hartford,  Conn.  (1959) 

Melton,  H.  W.,  B.  &  B.  Supv.,  G.  N.,  Seat- 
tle, Wash.  (1957) 

Meredith,  W.  E.,  Supv.  Struc,  P.  R.  R.,  Can- 
ton, Ohio  (1950) 

Merrill,  B.  W.,  Supv.  B.  &  B.,  N.  Y.  C.  & 
St.  L.,  Conneaut,  Ohio   (1936) 

Meserve,  E.  S.,  Supvr.  B.  &  B.,  B.  &  M., 
Dover,  N.  H.    (1949) 

Messman,  D.  V.,  Asst.  to  Ch.  Engr.,  South- 
ern, Atlanta,  Ga.  (1955) 

Mettlach,  P.  A.,  B.  &  B.  Fore.,  G.  B.  &  W., 
Arcadia,  Wis.  (1956) 


Meyers,  B.  R.,  Vice  Pres.  &  Ch.  Engr.,  C.  & 
N.  W.,  Chicago,  111.  (1930) 

Michaud,  M.,  Ch.  Engr.,  Q.  N.  S.  &  L.,  Sept 
lies,  Que.,  Canada    ( 1961) 

Midkiff,  R.  B.,  Ch.  Engr.  M.  of  W.  & 
Struc,  Sou.,  Knoxville,  Tenn.   (1953) 

Miller,  R.  F.,  B.  &  B.  Supv.,  N.  Y.  C.  &  St. 
L.,  Frankfort,  Ind.   (I960) 

Milne,  A.  P.,  i>upv.  B.  &  B.,  N.  Y.  C.  &  St. 
L.,  Frankfort,  Ind.   (1953) 

Mince,  F.  S.,  B.  &  B.  Supvr.,  Sou.,  Big  Stone 
Gap,  Va.    (1963) 

Mince,  G.  R.,  Jr.,  B.  &  B.  Supvr.,  Sou., 
Valdosta,  Ga.    (1963) 

Mitchell,  D.  N.,  Asst.  Supv.  B.  &  B.,  C.  & 
O.,  Newport  News,  Va.   (1948) 

Moline,  R.  F.,  Br.  Engr.,  D.  T.  &  I.,  Dear- 
born, Mich.    (1956) 

Montague,  C.  F.,  Supt.  M.  W.  Equip.,  P.  R. 
R.,  Philadelphia,  Pa.   (1953) 

Moore,  G.  A.,  Mast.  Carp.,  S.  A.  L.,  Savan- 
nah, Ga.  (1959) 

Moore,  H.  R.,  Asst.  Ch.  Engr.,  Sou.,  Wash- 
ington, D.  C.    (1956) 

Moore,  J.  F.,  Asst.  Supvr.  B.  &  B.,  N.  P., 
Missoula,  Mont.   (1964) 

Morgan,  C.  E.,  B.  &  B.  Supvr.,  S.  P.,  Hous- 
ton, Tex.    (1954) 

Moris,  R.  R,  B.  &  B.  Supv.,  N.  Y.  C  &  St. 
L.,  Ft.  Wayne,  Ind.  (1955) 

Morris,  C.  G.,  Asst.  B.  &  B.  Mast.,  C.  N.  R., 
Campbellton,  N.  B.,  Canada    (1963) 

Morris,  C.  L.,  Supv.  B.  &  B.,  L.  &  N.,  Mo- 
bile, Ala.   (1957) 

Morris,  C.  R.,  Asst.  Supvr.  B.  &  B.,  N.  P., 
Tacoma,  Wash.    (1962) 

Morris,  D.  W.,  Supvr.  Struct.,  Cartier,  Port 
Cartier,  Que.,  Canada    (1963) 

Moser,  C.  A.,  B.  &  B.  Supv.,  W.  P.  -  S.  N.  - 
T.  W.  S.,  Sacramento,  Calif.   (1951) 

Moser,  C.  L.,  Div.  Engr.,  Sou.,  Asheville, 
N.  C.    (1955) 

Moutoux,  H.  G.,  Sr.,  Supvr.  B.  &  B.,  N.  Y. 
C,  Weehawken,  N.  J.    (1959) 

Muelder,  C.  F.,  Asst.  to  Engr.  Bldgs.,  C.  B. 
&  Q.,  Chicago,  111.   (1960) 

Mullen,  T.  F.,  Gen.  B.  &  B.  Fore.,  S.  P., 
Temple  City,  Calif.   (1964) 

Murray,  D.  }.,  Land  &  Tax  Comm.,  C.  & 
W.  I.,  Chicago,  111.    (1954) 

Myers,  E.  T.,  Engr.  Editor,  Modern  R.  Rs., 
Chicago,  111.   (1957) 

Myers,  R.  L.,  Wtr.  Chemist,  I.  C,  Mattoon, 
111.   (1950) 

Myrind,  T.  A.,  Asst.  B.  &  B.  Supvr.,  S.  P., 
Fremont,  Calif.   (1964) 

N 

Nash,    G.    H.,    Struct.    Engr.,    St.    L.-S.    F.. 

Springfield,  Mo.    (1961) 
Neal,    C.    E.,    Vice    Pres.     &     Gen.     Mgr., 

N.  W.  P.,  San  Rafael,  Calif.    (  1959) 
Neal,  G.  W.,  Vice  Pres.,  Secy.,  Asst.  Treas., 

&  Asst.  Gen.  Mgr.,  C.  V.,  West  Point,  Ga. 

(1948) 
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PREPAKT 
MAINTENANCE 

SERVICES 

PAY 

OFF 

FOR 

RAILROADS 

(££)  in  ECONOMY 


fo®  in  DURABILITY 

in  SPEEDY  COMPLETIONS 

WITHOUT  TRAFFIC  INTERRUPTIONS 

Conventional  methods  of  maintaining  tunnels,  bridges, 
foundations  and  concrete  structures  are  costing  many 
railroads  as  much  or  more  than  fast,  effective  service 
by  Intrusion-Prepakt  specialists. 

It  is  very  likely  that  sooner  or  later  you're  going  to 
pay  the  price  of  l-P  quality  maintenance.    Make  sure  you 
get  what  you  pay  for. 


1   ® 


Call  or  write  Intrusion-Prepakt,  Incorporated,  1705 
Superior  Building,  Cleveland  14,  Ohio. 

Intrusion-Prepakt,  inc. 


OFFICES    IN-     PRINCIPAL      TJ.  S.    -A.ISTD    FOREIGN    CITIES 
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Nelson,  M.  S.,  Br.  Insp.,  N.  Y.  C,  Lincoln 

Park,  Mich.  (1956) 
Nelson,   R.   D.,   Div.   Engr.,    C.   &  N.    W., 

Boone,  Iowa    (1957) 
Newlin,  C.   H.,  Engr.   Br.,   Sou.,   Charlotte, 

N.  C.  (1959) 
Nichols,  K   F.,  Supt.-Maint.,  B.  &  S,  Fair- 
field, Ala.    (1963) 
Nichols,  J.  C,  (Ret.)   Brdg.  Engr.,  L.  &  N., 

Louisville,  Ky.   (1954) 
Nichols,  R.  E.,  Gen.  Fore.  B.  &  B.-W.   S, 

St.  L.-S.  F.,  Springfield,  Mo.    (1957) 
Noble,  H.  H.,  Pres.,  C.  &  L.  C,  Lake  City, 

Mich.  (1963) 
Nord,  D.  L.,  Engr.  Design,  I.   C,  Chicago, 

111.  (I960) 
Nordstrom,  R.  D.,  Asst.  Engr.  Br.  &  Struc, 

W.  P.,  San  Francisco,  Calif.  (1959) 
Norris,  J.  M.  W,  B.  &  B.  Supvr.,  D.  &  H., 

Oneonta,  N.  Y.   (1962) 
Nygaard,  R.,  Supt.  Wk.  Equip.,  C.  N.  R., 

Edmonton,  Alta.,  Canada   (1961) 


o 


O'Brien,  J.  B.,  Asst.  Supv.  B.  &  B.,  C.  &  O., 

Richmond,  Va.   (1954) 
O'Bryant,  C.  M.,  Supvr.  Str.,  T.  M..  Laredo, 

Tex.    (1962) 
Odgers,  F.  T.,  Gen.  B.  &  B.  Supvr.,  S.  P., 

San  Francisco,  Calif.    (1955) 
Ogle,  H.,  Br.  Insp.,  C.  &  E.  I.,  Salem,  111. 

(1956) 
Olson,  O.  D.,  B.  &  B.  Supv.,  C.  &  N.  W., 

Chicago,  111.   (1953) 
Ornburn,  B.  J.,  Asst.  Ch.  Engr.  Struc,  C.  M. 

St.  P.  &  P.,  Chicago,  111.   (1948) 
Orphan,  A.  J.,  Div.  Engr.,  S.  P.,  Houston, 

Tex.    (I960) 
Osland,  E.,  Off.  Engr.,  A.  T.  &  S.  F.,  Chi- 
cago, 111.  (1961) 
Ostrom,  W.  D.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 

La  Crosse,  Wis.    (1954) 
Ovardits,   K.,  Asst.   Plan.   Engr.,  N.   Y.   C, 

Chicago,  111.    (1953) 
Owens,  B.  H.,  Gen.   Fore.   B.  &  B.,   I.   C, 

Vicksburg,  Miss.    (1956) 


Packard,   B.   G.,  Off.   Engr.,   C.   &  N.   W., 

Chicago,  111.    (1954) 
Packer,   E.   B.,   Jr.,   B.    &   B.    Supvr.,    Sou., 

Birmingham,  Ala.  (I960) 
Palagi,  L.  A.,  Engr.-Arch.,  C  R.  I.  &  P.,  Chi- 
cago, 111.    (1959) 
Panushka,  E.  A.,  B.  &  B.  Supv.,  N.  P.,  Fargo, 

N.  D.  (1959) 
Parent,  M.,  B.  &  B.  Supvr.,  Q.  N.  S.  &  L„ 

Sept  lies,  Que.,  Canada  (1964) 
Parvin,  C.  F.,  En^r.  M.  W.  &  S.,  P.  R.  R., 

Philadelphia,  Pa.    (1959) 
Patterson,  C.  A.,  B.  &  B.  Supv.,  T.  P.  &  W., 

Washington,  111.   (1955) 
Patterson,  C.  C,  Mast.  Carp.,  C.  B.  &  Q., 

Alliance,  Nebr.    (1958) 


Patterson,  E.  C,  Ch.  Clk.  to  Asst.  Ch.  Engr.- 

Maint.,  C.  &  N.  W.,  Chicago,  111.    (1963) 
Patterson,  J.  M.,  Supv.  B.  &  B.,  N.  Y.  C, 

Weehawken,  N.  J.    (1957) 
Patterson,  R.  H.,  Asst.  Ch.  Engr.,  St.  L.  S. 

W.,  Tyler,  Tex.   (1955) 
Paul,  W.  L.,  Asst.  Dir.  Cost  Analy.  &  Res., 

A.  T.  &  S.  F.,  Chicago,  111.    ( 1961 ) 
Payne,  G.  C,  Div.  Engr.,  St.  L.-S.  F.,  Caple- 

ville,  Tenn.    (1959) 
Pearson,  A.  H.,  Mast.  Carp.,  C.  B.  &  Q.,  St. 

Joseph,  Mo.   (1952) 
Pearson,  R.  E.,  Ch.  Designer,  I.  C,  Chicago, 

111.   (1963) 
Pearson,  W.  O,  Ch.  Engr.,  I.  T.,  St.  Louis, 

Mo.  (1964) 
Peffly,  J.  E.,  Asst.  B.  &  B.  Supvr.,  P.  E.,  Los 

Angeles,  Calif.   (1958) 
Perrier,    J.    L.,    Div.    Engr.,    C.    &   N.    W., 

Chicago,  111.    (1953) 
Peterson,  E.  A.,  Rdm.,  S.  D.  &  A.  E.,  San 

Diego,  Calif.   (I960) 
Peterson,  J.  M.,  Br.  Engr.,  C.  G.  W.,  Oel- 

wein,  Iowa   ( 1959) 
Phelps,  C.  E.,  B.  &  B.  Supv.,  A.  &  W.  P.  - 

W.  of  A.,  &  Ga.  R.  R.,  Warrenton,  Ga. 

(1949) 
Phillips,  L.  K.,  B.  &  B.  Insp.,  W.  M.,  Cum- 
berland, Md.  (1957) 
Planchon,  I.,  Gen.  Fore.  B.  &  B.-W.  S.,  St. 

L.-S.  F.,  Tulsa,  Okla.  (1961) 
Plourde,  L.   (Ret.),  Sr.  Mast.,  C.  N.  R.,  St. 

Paul  L  Ermite,  Que.,  Canada    (1963) 
Pollock,  J.  K.,  Asst.  B.  &  B.  Supvr.,  S.  P., 

Norden,  Calif.   (1961) 
Pool,  R.  M.,  Asst.  B.  &  B.   Supvr.,   S.   P., 

Lafayette,  La.  (1964) 
Pound,  E.  R.,  Mast.  Carp.,  B.  &  O,  Newark, 

Ohio   (1952) 
Prentiss,  E.  W.,  Engr.   B.  &  B.,  P.   R.   R., 

Philadelphia,  Pa.   (1959) 
Presthus,  E.  J.,  Supvr.  B.  &  B.,  N.  P.,  Mis- 
soula, Mont.   (1964) 
Pritchard,  B.  L.,  Div.  Engr.,  A.  T.  &  S.  F., 

Amarillo,  Texas    (1956) 
Pritchett,    J.    S.,    Supt.    Struct.    &    Materials, 

C.  of  G,  Macon,  Ga.    (1961) 
Prober,  H.  W.,  Sr.  Asst.  B.  &  B.  Supv.,  S. 

P.,  Los  Angeles,  Calif.   (1957) 
Prude,  G.   F.,  Asst.   Supvr.  B.   &  B.,   S.   P., 

Houston,  Tex.    (1951) 


R 


Raessler,  V.  D.,  Supvr.  B.  &  B.  &  W.   F., 

I.  C,  Memphis,  Tenn.   (1951) 
Rainey,  W.  H.,  B.  &  B.  Supvr.,  S.  P.,  San 

Antonio,  Tex.    (1956) 
Rankin,  R.  C,  Design.  Engr.,  St.  L.  S.  W., 

Tyler,  Tex.    (1962) 
Rankin,  W.  H.,  Sr.  Struct.  Engr,  St.  L.-S.  F., 

St.  Louis,  Mo.     (1961) 
Rapier,  L.  F.,  Supv.  B.  &  B,  G.  M.  &  O, 

Bloomington,  111.    (1946) 
Raver,    H.    E.,    Engr.    Struc.-Design,    L.    I., 

Jamaica,  N.  Y.   (1952) 
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Bethlehem  makes 
the  widest  range  of 
roof  and  rock  bolts 


for  tunnels for  slopes 


No  other  manufacturer  offers  such  a 
wide  variety  of  roof  and  rock  bolts  and 
accessories: 

•  HEADED  BOLTS  in  four  diameters 
(%.  3A>  %>  and  1  in.)  for  use  with 
five  self-supporting  expansion  shells 
and  four  ear-supported  expansion 
shells. 

•  SLOTTED  BOLTS  AND  WEDGES. 
1-in.  diameter  standard  strength  .  .  . 


and   seven   high-strength   diameters 
(1,  iy4,  iy2,  l3/4.  2,  21/4,  and  2y2  in.) 
•  ACCESSORIES.    Couplings,    exten- 
sions, square  and  hex  nuts,  flat  or 
dished  bolt  plates,  hardened  wash- 
ers, ties,  and  straps. 
For  quick  shipment  from  our  large 
stocks,  or  information  on  how  to  bolt, 
call  the  nearest  Bethlehem  sales  office. 
Or  write  to  us  in  Bethlehem,  Pa.  Beth- 
lehem Steel  Company,  Bethlehem,  Pa. 


BETHLEHEM  STEEL 


Steel  for  Strength 


BETHI  EHEM 
ST  EL 
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Ray,  M.  M.,  Jr.,  Asst.  Gen.  Fore.  B.  &  B., 
St.  L.-S.  F.,  Tulsa,  Okla.    ( 1962) 

Rea,  C  M.,  B.  &  B.  Supvr.,  N.  P.,  Minne- 
apolis, Minn.     (1962) 

Reed,  T.  C,  Br.  Insp.,  L.  &  N.,  Louisville, 
Ky.   (1954) 

Reese,  C.  L.,  Br.  Insp.,  G.  M.  &  O.,  Phila- 
delphia, Miss.   (1958) 

Reese,  C  M.,  Gen.  Fore.  B.  &  B.,  G.  C.  & 
S.  F.,  Temple,  Tex.   (1953) 

Reeves,  J.  I.,  Asst.  to  B.  &  B.  Supvr.,  G.  M. 
&  O.,  Bloomington,  111.   (1964) 

Reynolds,  M.  L.,  B.  &  B.  Supvr.,  S.  P.,  Bak- 
ersfield,  Calif.    (1958) 

Reynolds,  T.  A.,  Asst.  Supvr.  Str.,  P.  R.  R., 
Buffalo,  N.  Y.    (1961) 

Rice,  E.  D.,  B.  &  B.  Supv.,  C.  &  E.  I.,  Dan- 
ville, 111.    (1949) 

Richardson,  F.,  Jr.,  Gen.  Fore.  B.  &  B.-W. 
S.,  St.  L.-S.  F.,  Springfield,  Mo.   (1962) 

Ridgeway,  J.  J.,  Engr.  Struc.-Proc,  B.  &  L. 
E.,  Greenville,  Pa.  (1957) 

Riggs,  W.  K.,  B.  &  B.  Supv.,  C.  &  N.  W., 
West  Chicago,  111.  (1959) 

Riley,  C.  R.,  Asst.  to  Ch.  Oper.  Off.,  B.  &  O., 
Baltimore,  Md.   (1959) 

Robey,  W.  E.,  Br.  Engr.  Sys.,  A.  T.  &  S.  F., 
Chicago,  111.  (I960) 

Robinson,  N.  R.,  B.  &  B.  Fore.,  S.  P.,  Sacra- 
mento, Calif.   (1934) 

Rode,  L.  A.,  Gen.  Br.  Insp.,  E.-L.,  Newark, 
N.  J.   (1948) 

Rodgers  L.  T.,  Mast.  Carp.,  B.  &  O.,  Chilli- 
cothe,  Ohio    (1963) 

Rogers,  L.  W.,  Designer,  I.  C,  Chicago,  111. 
(1960) 

Rothell,  R.  D.,  Gen.  B.  &  B.  Supv.,  Sou., 
Charlotte,  N.  C.   (1957) 

Rothwell,  G.  F.,  Engr.  Plan.,  Wabash,  St. 
Louis,  Mo.  (1961) 

Rowland,  J.  W.,  Asst.  Engr.  Const.,  L.  I., 
Jamaica,  N.  Y.   (1956) 

Rudisill,  D.  E.,  Asst.  Ch.  Engr.  Maint.,  P.  R. 
R.,  Philadelphia,  Pa.  (1959) 

Runde,  E.  E.,  Ch.  Masonry  Insp.,  I.  C,  Chi- 
cago, 111.  (1959) 

Russell,  C.  E.,  Supvr.  Water  Serv.,  I.  C, 
Chicago,  111.    (1953) 

Rust,  R.  B.,  Jr.,  Asst.  Div.  Engr.,  Southern, 
Chattanooga,  Tenn.   (1957) 

Ryan,  G.  M.,  Asst.  to  Gen.  B.  &  B.  Fore., 
N.  Y.  N.  H.  &  H.,  New  Haven,  Conn. 
(1963) 

Rymer,  J.  R.,  Div.  Engr.,  B.  &  O.,  Cumber- 
landed.    (1957) 


Saether,  A.  H.,  Asst.  Engr.,  C.  M.  St.  P.  &  P., 
Chicago,  111.  (1959) 

Safley,  J.  R.,  B.  &  B.  Supv.,  S.  P.,  San  Fran- 
cisco, Calif.   (1945) 

St.  Pierre,  M.  P.,  Asst.  B.  &  B.  Mast.,  C.  N., 
Edmundston,  N.  B.,  Can.   (1959) 

Salmon,  J.  M.,  Jr.,  Ch.  Engr.,  Clinchfield, 
Erwin,  Tenn.    (1938) 


Sandberg,  C.  H.,  Ch.  Engr.-East.  Lines,  A. 
T.  &  S.  F.,  Topeka,  Kans.  (1958) 

Sanders,  C.  R.,  Struct.  Designer,  S.  P.,  Hous- 
ton, Texas    (1963) 

Sanders,  G.  A.,  Asst.  B.  &  B.  Supvr.,  S.  P., 
Sacramento,  Calif.   (I960) 

Sanderson,  J.  G.,  Asst.  W.  S.  Fore.,  St.  L.- 
S.  F.,  Amory,  Miss.  (1959) 

Sards,  P.  T.,  Asst.  Engr.,  Southern,  Atlanta, 
Ga.   (1955) 

Sartore,  D.  V.,  Asst.  Engr.  Brdgs.,  C.  B.  & 
Q.,  Chicago,  111.  (1961) 

Sathre,  C.  O.,  B.  &  B.  Supv.,  C.  &  N.  W., 
Madison,  Wis.   (1950) 

Saunders,  T.  D.,  Dir.  of  Plan.  &  Res.,  Ont. 
Nor.,  North  Bay,  Ont.,  Can.   (1930) 

Savage,  F.  E.,  Asst.  B.  &  B.  Supv.,  N.  P., 
Minneapolis,  Minn.    (1957) 

Schlaf,  E.  R.,  Supt.  Fire  Prev.,  I.  C,  Chicago, 
111.  (1947) 

Schmitz,  J.  F.,  B.  &  B.  Supt.,  M.  P.,  Little 
Rock,  Ark.    (I960) 

Schweitzer,  E.,  Res.  Engr.,  U.  P.,  The  Dalles, 
Oreg.  (1959) 

Scites,  P.  E.,  Asst.  Supv.  B.  &  B.,  C.  &  O., 
Hinton,  W.  Va.  (1950) 

Seitz,  H.,  Engr.  of  Struct.,  B.  &  O.,  Baltimore, 
Md.   (1959) 

Seley,  L.  L.,  Mast.  Carp.,  C.  B.  &  Q.,  Han- 
nibal, Mo.  (1953) 

Seller,  J.  B.,  Asst.  Brdg.  Engr.,  L.  &  N., 
Louisville,  Ky.   (1957) 

Seltzer,  J.  W.,  Asst.  Engr.,  P.  R.  R.,  Cincin- 
nati, Ohio  (1958) 

Shafer,  W.  R.,  Struct.  Designer,  S.  P.,  Hous- 
ton, Texas    (1963) 

Shamblin,  R.  E.,  Supv.  B.  &  B.,  N.  &  W., 
Bluefield,  W.  Va.  (1957) 

Sharkey,  J.  J.  (Ret.),  Gen.  Fore.  B.  &  B., 
P.  R.  R.,  Short  Hills,  N.  J.  (1951) 

Short,  W.  L.,  Brdg.  Maint.  Engr.,  M.  P.,  St. 
Louis,  Mo.   (1951) 

Sielert,  E.  R.,  Gen.  Fore.,  A.  T.  &  S.  F., 
Emporia,  Kans.    (1961) 

Simmons,  E.  R.,  Asst.  Engr.  Brdgs.,  S.  P.,  San 
Francisco,  Calif.   (1955) 

Simmons,  R.  G.,  Gen.  Rdm.,  C.  M.  St.  P.  & 
P.,  Chicago,  111.   (1957) 

Simonson,  E.  F.,  B.  &  B.  Supv.,  S.  I.,  Sand- 
point,  Ida.   (1958) 

Simpson,  L.  W.,  Mast.  Carp.,  B.  &  O.,  Pitts- 
burgh, Pa.   (1959) 

Sims,  H.  L.,  B.  &  B.  Asst.  Supvr.,  C.  &  W.  I., 
Chicago,  111.  (1964) 

Sinclair,  C.  H.,  Asst.  Supv.  B.  &  B.,  C.  &  N. 
W.,  Milwaukee,  Wis.   (1954) 

Slagle,  G.  P.,  Ch.  Carp.,  C.  M.  St.  P.  &  P., 
Milwaukee,  Wis.   (1948) 

Smith,  A.  C,  Asst.  Engr.  Brdgs.,  Sou.,  Char- 
lotte, N.  C.    (1963) 

Smith,  A.  E.,  Asst.  Gen.  Mgr.-Ch.  Engr., 
C.  G.  W.,  Oelwein,  Iowa  (1958) 

Smith,  E.  L.,  Gen.  B.  &  B.  Supvr.,  Southern, 
Rossville,  Ga.    (1952) 

Smith,  G.  A.,  Mast.  Carp.,  B.  &  O.,  Punxsu- 
tawney,  Pa.   (1959) 
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YOU'RE  ON  THE  RIGHT  TRACK  WITH 
AIRPLACO  CONCRETE  GUNNING  RIGS 


Southern  Pacific  Company  uses  three 
of  these  track-mounted  rigs  to  re- 
build and  line  tunnels  with  gunned 
concrete,  replacing  timbers  and  en- 
casing steel  sets  for  increased  clear- 
ance, greater  strength  and  permanent 
fireproofing. 

Mobility  to  the  job — fast  work  on  the 
job  —  and  high-quality  concrete  in 
place — all  are  yours  to  command 
with  Airplaco  "Advanced  Design" 
portable  gunning  rigs.  The  Big  Guns 


of  Airplaco  teamed  with  automatic 
proportioning  Mix-Elvators  give  you 
a  range  of  production  capacities  up 
to  24.5  tons  an  hour.  And  you  can 
count  on  rugged  performance  day 
after  day,  with  real  economies  of 
time  and  labor. 

Airplaco  engineers  welcome  the  op- 
portunity to  recommend  equipment 
to  fit  your  specific  job  demands, 
clearances  and  other  factors,  work- 
ing closely  with  your  own  engineers. 
Call  or  write  for  prompt  attention. 


AIR    PLACEMENT 
EQUIPMENT    CO. 


WORLD'S  LEADING  MANUFACTURER  OF 


P.  0.  Box  9601  •  Kansas  City,  Missouri  64134 
Phone  816,  SOuth  1-4961 

'ADVANCED  DESIGN"  PNEUMATIC  PLACING  EQUIPMENT 
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Smith,  H.  E.,  Pres.  &  Gen.  Mgr.,  G.  H.  & 

H.,  Galveston,  Tex.    (1941) 
Smith,  J.,  B.  &  B.  Supv.,  S.  P.,  Sacramento, 

Calif.   (1943) 
Smith,  L.  D.,  Jr.,  Asst.  Engr.-BIdgs.,  C.  &  O., 

Huntington,  W.  Va.    (1963) 
Smith,  R.  E.,  Asst.  B.  &  B.  Mast.,  C.  N.  R., 

Hornepayne,  Ont.,  Canada    (1963) 
Smith,  R.  H.,  Jr.,  Div.  Engr.,  P.  R.  R.,  Phila- 
delphia, Pa.  (1957) 
Snyder,  E.  F.,  Asst.  to  Ch.  Engr.,  I.  C,  Chi- 
cago, 111.   (1948) 
Snyder,   R.   E.,   Asst.   Engr.,   C.   &  N.   W., 

Green  Bay,  Wis.  (1961) 
Solarte,  H.,  Asst.  to  Engr.  Brdgs.,  C.  R.  I. 

&  P.,  Chicago,  111.  (1963) 
South,  J.   E.,   Sys.   Engr.   Struc.,   P.   R.   R., 

Philadelphia,  Pa.  (1959) 
Spofford,  F.  R.,  Asst.   to  Vice  Pres.-Oper., 

B.  &  M.,  Boston,  Mass.  (1940) 
Stade,  A.  F.,  Asst.  B.  &  B.  Supvr.,  S.  P.,  San 

Antonio,  Tex.    (1962) 
Stadter,  C.  O.,  B.  &  B.  Supt.,  M.  P.,  Osa- 

watomie,  Kans.    (1955) 
Stanczyk,  W.,  Designer,  C.  M.  St.  P.  &  P., 

Chicago,  111.    (1957) 
Starling,  S.  L.,  Asst.  Mast.  Carp.,  S.  A.  L., 

Savannah,  Ga.     (1961) 
Steel,  J.  V.,  Engr.  Acct.,  U.  T.  Co.,  Dallas, 

Tex.   (1953) 
Stephens,   B.   M.,  Asst.  Gen.   Mgr.-T.   &  L. 

Lines,  S.  P.,  Houston,  Texas    (1946) 
Stephens,  T.  J.,  Engr.  Insp.,  U.  P.,  Kansas 

City,  Mo.  (1958) 

Stinebaugh,  J.  H.,  Supv.  W.  S.  &  Rdwy. 
Mach.,  I.  C,  Carbondale,  111.  (1951) 

Stouffer,  R.,  Mech.  Insp.,  I.  C,  Crown  Point, 
Ind.  (1961) 

Street,  M.  R.,  Asst.  B.  &  B.  Supvr.,  G.  N,, 
Minot,  N.  D.    (1962) 

Struther,  B.  A.,  Asst.  Div.  Engr.,  S.  P.,  Tuc- 
son, Ariz.  (1961) 

Sturm,  W.  C,  Designer,  E.  J.  &  E.,  Joliet, 
111.    (1962) 

Sturman,  J.  J.,  Engr.-Matls.-Struct.,  B.  &  O., 
Baltimore,  Md.  (1959) 

Stutes,  S.  A.,  Asst.  Div.  Engr.,  S.  P.,  Lafay- 
ette, La.    (1959) 

Sullivan,  P.,  Engr.  Drad.  &  Soil  Cont.,  W.  P., 
Oroville,  Calif.    (1957) 

Swanson,  A.  M.,  B.  &  B.  Supvr.,  B.  A.  &  P., 
Anaconda,  Mont.    (1961) 

Swanson,  R.  S.,  B.  &  B.  Supvr.,  N.  P.,  Du- 
luth,  Minn.    (I960) 

Swanson,  W.  C,  Brdg.  Insp.,  N.  Y.  C, 
Knox,  Ind.    (1963) 

Switzer,  G.,  Gen.  Supv.  Struc.  &  Wk.  Equip., 
W.  P.,  Oakland,  Calif.   (1949) 


Talman,  H.  S.,  Gen.  Supvr.  B.  &  B.,  C.  & 
O.,  Huntington,  W.  Va.   (1963) 


Tanner,  C.  L.,  Gen.  Fore.  B.  &  B.-W.  S., 

P.  &  S.  F.,  Slaton,  Tex.  (1958) 
Tantillo,  A.  J.,  Arch.  Engr.,  C.  &  W.  I.,  Chi- 
cago, 111.     (1962) 
Tardy,  F.  E.,  Asst.  Div.  Engr.,  S.  P.,  Tucson, 

Ariz.   (1953) 
Taylor,  W.  L.,  B.  &  B.  Supv.,  Sou.,  Jasper, 

Ala.   (1950) 
Termunde,  W.  L.,  Asst.  Rdm.,  B.  Ry.  of  C, 

Chicago,  111.  (1956) 
Tetreault,  L.  J.,  B.  &  B.  Fore.,  N.  Y.  N.  H. 

&  H.,  Providence,  R.  I.   (1936) 
Thatcher,  C.  H.,  Jr.,  Asst.  Engr.,  C.  &  N. 

W.,  Boone,  Iowa  (1958) 
Thomas,  A.  A.,  Asst.  to  Ch.  Engr.,  C.  &  N. 

W.,  Chicago,  111.   (1961) 
Throckmorton,  W.  B.,  Ch.  Engr.,  C.  R.  I. 

&  P.,  Chicago,  111.   (1957) 
Thun,  W.  A.,  Jr.,  Supvr.  Trk.,  P.  R.  R.,  Cin- 
cinnati, Ohio    (1961) 
Tieman,   L.  G.,   Div.   Engr.,   C.   &  N.   W., 

Green  Bay,  Wis.  (1956) 
Tilley,  E.  L.,  Br.  Insp.,  I.  C,  Memphis,  Tenn. 

(1956) 
Toal,  T.  W.,  Div.  Engr.,  C.  R.  I.  &  P.,  Blue 

Island,  111.    (1961) 
Towle,  C.  L.,  Vice  Pres.-Oper.,  D.  T.  &  L, 

Dearborn,  Mich.    (1959) 
Tracy,  D.  E.,  B.  &  B.  Supvr.,  S.  P.,  Oakland, 

Calif.    (1956) 
Tracy,  S.  E.,  Supt.  Wk.  Equip.,  C.  B.  &  Q., 

Chicago,  111.  (I960) 
Trenning,   D.   P.,  Draftsman,   C.  M.  St.   P. 

&  P.,  Chicago,  111.    (1962) 
Trewin,  H.,  Rdm.,  C.  N.  R.,  Moncton,  N.  B., 

Canada    (1963) 
Trickey,  R.  E.,  Supt.  B.  &  B.,  B.  &  A.,  Houl- 

ton,  Me.   (1957) 
Trulove,  J.  D.,  B.  &  B.  Supv.,  S.  P.,  Ogden, 

Utah   (1945) 
Turner,  G.  M.,  Asst.  B.  &  B.  Supv.,  N.  P., 

Pasco,  Wash.   (I960) 
Tustin,  E.  O.,  Asst.  Supvr.  B.  &  B.,  I.   C, 

Chicago,  111.    (1963) 
Tustin,  W.   S.,  Asst.   Engr.,   I.  C,   Chicago, 

111.  (1963) 
Tyckoson,   E.   G.,   Ch.   Carp.,   C.   M.   St.   P. 

&  P.,  Chicago,  111.    (1954) 
Tyler,  W.  R.,  Jr.,  Div.  Engr.,  U.  P.,  Poca- 

tello,  Ida.  (1959) 

u 

Urquides,  E.  L.,  Asst.  Supvr.  B.  &  B.,  S.  P., 

West  Oakland,  Calif.    (I960) 


Vanderpool,  G.  R.,  Br.  Engr.-West.  Lines, 

A.  T.  &  S.  F.,  Amarillo,  Tex.  (1959) 
Vandiver,  V.  J.,  Asst.  B.  &  B.  Supv.,  S.  P., 

Dunsmuir,  Calif.   (1958) 
Van   Scoyoc,   L.,  Designer,  I.   C,   Chicago, 

111.   (1960) 
Veldheer,  H.,  Asst.  Supv.  B.  &  B.,  C.  &  O., 

Grand  Rapids,  Mich.   (1959) 
Von  Behren,  G.,  Asst.  Supv.  Struc,  P.  R. 

R.,  Baltimore,  Md.   (1956) 
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A  Major  Breakthrough  .   .   . 

...  IN  ROOF  MAINTENANCE 


•  ARMOR  ROOF  SPECIFICATION  SYSTEMS, 
employing  special  processed  roofing  compounds, 
offering  superior  protection  for  roof  surfaces. 

•  Specific  maintenance  specifications  for  compo- 
sition, corrugated  metal  and  gravelled  roof 
areas. 

•  Unique  method  of  application  increases  on  the 
job  production,  at  a  much  lower  cost  than  here- 
tofore possible. 


ARMOR  WELD  -  Epoxy  Grouting  & 

Patching  Compounds 

•  Use  where  exceptional  compression  and  impact 
strength  is  required,  for  setting  equipment, 
grouting  or  patching. 

•  Use  ARMOR  WELD  to  permanently  repair  and 
re-surface  concrete  floors  and  ramps. 

FIRE-COTE-Prevents  Costly  Fire  Damage 

•  Used  to  preserve  and  protect  bridge  ties  and 
timbers  from  fire  damage. 

•  FIRE-COTE  decomposes  in  the  presence  of  heat 
and  flame  to  form  a  heavy,  insulating  crust. 


For  complete  information  write: 

MISSOURI  PAINT  &  VARNISH  CO. 

5125  North  2nd  Street  St.  Louis,  Missouri  63147 

"Producers  of  Supreme  Quality  Coatings  since  1869" 


CO 


Life  Members 


W 


Wachtel,  C.  D.,  Disc.  B.  &  B.  Supt.,  M.  P., 

Kansas  City,  Mo.    (1958; 
Wachter,  C.  E.,  B.  &  B.  Mast.,  C.  N.  R.,  Port 

Arthur,  Ont.,  Canada  (1957) 
Waisanen,   R.   M.,  Asst.  Arch.   Engr.,   C.   & 

N.  W.,  Chicago,  111.    (1963) 
Walker,  G.  P.,  Supt.  B.  &  B.,  M.  P.,  Hous- 
ton, Texas    (1929) 
Wall,  R.,  Supv.  B.  &  B.,  Sou.,  Selma,  Ala. 

(1948) 
Walton,  K.  D.,  Asst.  B.  &  B.  Supv.,  N.  P., 

Minneapolis,  Minn.   (I960) 
Ward,   R.   A.,   B.   &   B.   Mast.,    C.   N.    R., 

Campbellton,  N.  B.,  Canada  (1961) 
Ware,  W.,  Div.  Engr.,  C.  R.  I.  &  P.,  Little 

Rock,   Ark.    (1956) 
Warfield,  H.  Jr.,    (Ret.),  Insp.  M.  of  W., 

P.  R.  R.,  New  Brunswick,  N.  J.  (1952) 
Warfield,  W.   B.,   Supvr.   Struct.,  P.   R.  R., 

Townson,  Md.   (1951) 
Watanabe,  L.  H.,  Designer,  I.  C,  Chicago, 

111.    (1963) 
Waterman,  L.  B.,  Asst.  Supt.,  B.  &  O.,  Balti- 
more, Md.    (1959) 
Watkins,  A.  B.,  B.  &  B.   Supvr.,  Southern, 

Winston  Salem,  N.  C.  ( I960) 
Watkins,  J.  F.,  B.  &  B.  Supv.,  Sou.,  Tuscum- 

bia,  Ala.  (1958) 
Weaver,  W.  R.,  Ch.  Mech.  Off.  &  Ch.  Engr., 

P.  &  S.,  Brookville,  Pa.   (1951) 
Webber,  G.  R.,  B.  &  B.  Fore.,  C.  M.  St.  P. 

&  P.,  Tacoma,  Wash.   (1948) 
Weikal,  J.  K.,  Div.  Engr.,  E.-L.,  Youngstown, 

Ohio   '(1959) 
Weller,  M.  E.,  Sr.  Designer,  E.  J.  &  E.,  Joliet, 

111.    (1962) 
Weller,  R.  C,  Asst.  Engr.  Maint.,  C.  N.  R., 

London,  Ont.,  Canada  (1957) 
Wenzel,  J.  R.,  B.  &  B.  Supvr.,  C.  &  N.  W., 

Norfolk,  Nebr.    (1963) 
Westerman,  C.  J.,  Asst.  B.  &  B.  Supvr.,  S.  P., 

Bakersfield,  Calif.     (1962) 
White,  E.  K.,  Asst.  Gen.  Brdg.  Insp.,  C.  & 

N.  W.,  Stone  Park,  111.  (1961) 
White,   L.   H.,  Supv.   B.   &  B.,   I.   C,  New 

Orleans.  La.   (1946) 
White,  S.,  Gen.  B.  &  B.  Supv.,  S.  P.,  San 

Francisco,  Calif.    (1946) 
Whitfield,  P.  V.,  Supvr.  Auto  &  Wk.  Equip., 

S.  P.,  Reno,  Nev.  (1964) 


Wiemer,  H.  C,  B.  &  B.  Supvr.,  N.  P.,  Ta- 
coma, Wash.     (1957) 

Wiklund,  W.  W.,  Supvr.  B.  &  B.,  G.  N., 
Spokane,  Wash.   (1955) 

Williams,  D.  R.,  Br.  Insp.,  C.  &  E.  I.,  Dan- 
ville, 111.   (1956) 

Williams,  J.  M.,  Masonry  Insp.,  I.C.,  Chi- 
cago, 111.    (1963) 

Williams,  J.  R.,  Engr.  Brdgs.,  C.  R.  I.  &  P., 
Chicago,  111.    (1959) 

Williams,  N.  H.,  Trk.  Supv.-Sys.,  D.  &  H., 
Albany,  N.  Y.  (1947) 

Williams,  T.  S.,  Engr.  Bldgs.,  S.  A.  L.,  Rich- 
mond, Va.  (1961) 

Williamson,  H.  M.,  Ch.  Engr.-Sys.,  S.  P., 
San  Francisco,  Calif.   (I960) 

Wilson,  H.  E.,  Asst.  Ch.  Engr.-Sys.,  A.  T. 
&S.  F.,  Chicago,  111.  (1959) 

Wilson,  H.  M.,  Supv.  Struc,  P.  R.  R.,  Chi- 
cago, 111.   (1953) 

Wilson,  R.  P.,  Supv.  B.  &  B.,  C.  &  O.,  Hin- 
ton,  W.  Va.  (1948) 

Wintoniak,  S.  G.,  Area  Engr. -Struct.,  P. 
R.  R.,  Philadelphia,  Pa.   (1953) 

Wohlschlaeger,  M.  W.,  Engr.  Grade  Sepa- 
rate M.  P.,  St.  Louis,  Mo.    (1958) 

Wold,  O.  R.,  B.  &  B.  Supv.,  N.  P.,  Spokane, 
Wash.   (1957) 

Wood,  R.  E.,  Supv.  B.  &  B.,  G.  N.,  Greal 
Falls,  Mont.   (1954) 

Woolford,  F.  R.,  Ch.  Eng.,  W.  P.,  San  Fran- 
cisco, Calif.   (1950) 

Worden,  R.  K.,  Gen.  Fore.  B.  &  B.-W.  S., 
G.  C.  &  S.  F.,  Ft.  Worth,  Tex.  (1954) 


Yaw,    D.    M.,    Mast.    Carp.,    E.-L.,    Buffalo, 

N.  Y.   (1951) 
Youngblood,  R.  A.,  Proc.  Supt.  B.  &  B.,  C 

of  G,  Savannah,  Ga.   (1957) 


Zapfe,  E.  J.,  (Ret.),  Asst.  Ch.  Engr.  &  Supt. 

B.  &  B.,  G   B.  &  W.,  Green   Bay,  Wis. 

(1952) 
Zigler,  L.  A.,  Gen.  Fore.  B.  &  B.-W.  S.,  A. 

T.  &  S.  F.,  La  Junta,  Colo.    ( 1961 ) 


LIFE  MEMBERS 


Joined  In 


Anderson,  A.,   (Ret.),  Engr.  Grade  Cross.,  N.  Y.  C,  Rosemont  Route,  Box  56, 

Colorado  Springs,  Colo 1947 

Anderson,  J.  L.,  (Ret.),  Supvr.  B.  &  B.,  M.  P.,  801  Pacific  St., 

Osawatomie,  Kans 1931 

Anderson,  R.  D.,  (Ret.),  Div.  Engr.,  C.  &  N.  W.,  Marvin  Hughitt  Hotel,  Huron,  S.  D.   1923 
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Why  do  MOSS-AMERICAN  Crossings  now 
stay  tighter  and  last  longer? 

New  drive  dowel  assembly! 


Something  new  has  been  added  to  Moss- American  pre-assembled  cross- 
ings. These  tough  crossings  of  pressure-treated,  selected  hardwood  are 
now  assembled  with  drive  dowels  instead  of  through-bolts.  The  %" 
spiral  steel  dowels  are  driven  through  the  timbers  by  special  hydraulic 
machinery  in  the  Moss-American  fabricating  plant,  literally  screwing  the 
units  together,  locking  them  into  a  tight,  cohesive  assembly.  There  are 
no  nuts  to  back  off  . .  .  no  holes  to  get  out  of  round.  The  assembly  needs 
less  maintenance,  lasts  longer  than  conventionally  assembled  crossings. 
Moss-American  crossings  of  this  new  design  are  available  for  installa- 
tions of  all  types:  single,  multiple,  tangent  or  curved.  Because  they're 
pre-assembled,  they  can  be  quickly  installed  by  a  small  track  gang  with 
regular  tools. 

For  better  service  and  longer  life,  specify  Moss-American  crossings, 
now  assembled  with  the  new  drive  dowel  technique. 


MOSS 


AMERICAN 


CROSS  TIES 


MOSS-AMERICAN,  INC. 


A    SUBS/DIARY  OF  KERR-McGEE  OIL  INDUSTRIES,  INC. 

Security  Building  /  St.  Louis,  Missouri     63102 
SWITCH  TIES    •    POLES  AND  POSTS    •    PILING    •    CROSSINGS 
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Joined  In 

B 

Babbitt,  J.  H.,  (Ret.),  Asst.  Div.  Engr.,  B.  &  O.,  220  Virginia  Ave.,  Indianapolis  4, 

Ind 1946 

Barr,  H.  L.,  (Ret.),  Div.  Engr.,  C.  &  N.  W.,  945  E.  6th  St.,  Chadron,  Nebr 1938 

Benson,  G.  W.,  (Ret.),  Div.  Engr.,  C.  of  G.,  657  Woodridge  Dr.,  Macon,  Ga 1940 

Block,  M.,  (Ret.),  Asst.  to  Ch.  Engr.,  I.  G,  7115  S.  Oglesby  Ave.,  Chicago,  111 1948 

Borchert,  W.  G  (Ret.) ,  Div.  Engr.,  L.  &  A.,  917  Stephenson  St.,  Shreveport  38,  La. .  .  .  1942 
Bost,  M.  A.,  (Ret.)  Asst.  Engr.,  G  M.  St.  P.  &  P.,  322  S.  Catolina,  Mason  City,  Iowa.  .  .  1935 
Brice,  W.  T.,  (Ret.),  B.  &  B.  Mast.,  G  N.,  General  Delivery,  Riverhurst, 

Sask.,   Can 1946 

Budzenski,  F.  N.,  (Ret.),  Gen.  Fore.,  G  &  N.  W.,  800  Pine  St.,  Antigo,  Wis 1938 

Bunge,  W.  H.  (Ret.),  Asst.  Engr.,  M.  P.,  4510  Waring,  Houston  27,  Texas 1941 

Burch,  E.  E.,  (Ret.),  Brdg.  Engr.,  G  M.  St.  P.  &  P.,  3926  W.  147th,  Place, 

Midlothian,   111 1945 


Carter,  J.  W.  (Ret.),  B.  &  B.  Supv.,  Virginian,  2410  Brandon  Ave.,  S.  W.,  Roanoke, 

Va 1947 

Chaney,  A.  B.,  (Ret.),  Engr.  M.  of  W.,  M.  P.,  3  Sun  Valley  Rd,  Little  Rock,  Ark 1947 

Christianson,  H.  B.,  (Ret.) ,  Sp.  Engr.,  G  M.  St.  P.  &  P.,  997  Bob  O'Link  Rd., 

Highland   Park,   111 1928 

Church,  H.  M.,  (Ret.) ,  Gen.  Supv.  B.  &  B.,  G  &  O.,  509  No.  Blvd.,  Richmond,  Va 1939 

Cole,  G.,  (Ret.),  B.  &  B.  Gen.  Fore.,  A.  T.  &  S.  F.,  Burlingame,  Kans 1949 

Collier,  P.  B.,  (Ret.),  Supt.  Scales,  M.  P.,  287  Washington  St.,  Camden,  Tenn 1938 

Colvin,  A.  A..  (Ret.),  Div.  Engr.,  G  &  N.  W.,  1000  Prospect  Ave.,  Norfolk,  Nebr 1937 

Converse,  D.  W.,  (Ret.),  Br.  Engr.,  A.  G  &  Y.,  360  Litchfield  Road,  Akron,  Ohio.  .  .  .  1940 

Cota,  G.  M.,  (Ret.),  Ch.  Clk.,  Engr.  Dept.,  C.  of  V.,  Box  114,  St.  Albans,  Vt 1913 

Cramer,  F.  H.,  (Ret.),  Br.  Engr.,  G  B.  &  Q.,  2739  Agatite  Ave.,  Chicago,  111 1927 

Curie,  H.  D.,  (Ret.),  Mast.  Carp.,  B.  &  O.,  Garrett,  Ind 1942 


Decker,  H.  H.,  (Ret.),  Engr.  of  M.,  C.  &  N.  W.,  2915  Ingersoll  Ave.,  Des  Moines,  la. .  1908 

Dick,  H.  M.,  (Ret.),  Supv.  Struc,  P.  R.  R.,  302  Walnut  Circle,  Shiremanstown,  Pa 1942 

Duchac,  J.  V.  (Ret.) ,  Supv.  B.  &  B.,  G  &  N.  W.,  525  Virginia  St.,  Antigo,  Wis 1927 

Duffie,  F.  J.,  (Ret.),  Engr.  Serv.  Rep.,  Oxweld  R.  R.  Dept.,  Linde  Co.,  610  W.  6th  St., 

Sterling,   111 1946 


Eischenlaub,  C.  M.    (Ret.),  Supt.,  S.  D.  &  A.  E.,  San  Diego,  Calif 1943 

Engman,  V.  E.,  (Ret.),  Ch.  Carp.,  G  M.  St.  P.  &  P.,  2936  44th  Ave.,  So., 

Minneapolis,   Minn 1920 


Firehammer,  L.  M.,    (Ret.),  Supvr.  B.  &  B.,  I.  T.,  213  E.  Elm  St.,  Gillespie,  III 1919 

Flanagan,  F.  L.,  (Ret.),  Ry.  Sis.,  Valspar  Corp.,  Detroit  Graphite  Div., 

7701   W.  47th  St.,  Lyons,  111 1937 

Forseth,  C.  E.,  (Ret.),  Div.  Engr.,  W.  P.,  726  Camino  Amigo,  Danville,  Calif 1950 

Fronabarger,  H.  C,  (Ret.),  B.  &  B.  Supvr.,  T.  &  P.,  554  S.  Summitt  Ave., 

Apt.  1 119,  Ft.  Worth.  Tex 1949 

G 

Geyer,  C.  J.,  (Ret.),  Vice  Pres.,  G  &  O.,  1412  Wilmington  Ave.,  Richmond,  Va 1928 
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Why?  Prestressed  concrete  structural  units  are  eco- 
nomical. They  offer  low  initial  cost.  Maintenance  is 
reduced.  Fire  and  flood  loss  is  minimized.  Hardly  any 
traffic  interruption.  Design  is  favorable.  Quality  is  con- 
trolled by  plant  tests.  In  the  Southwest,  Atlas  Structural 
Concrete  supplies  prestressed  concrete  —  fabricated 
structural  units  that  meet  all  railroad  bridge  construc- 
tion requirements.  And  Atlas  is  constantly  adding  new 
equipment  to  turn  out  new  products  needed  for  the 
future.  Call  on  Atlas  Structural  Concrete,  today. 

WRITE  OR  CALL:  BOYCE  PALMORE,  BOX  9977 
El  Paso,  Texas  79990  •  Phone:   772-3248 


STRUCTURAL  CONCRETE  INC. 

tamli    A 


84  Life  Members 

Joined  In 
Gladwin,  F.  E.,  (Ret.),  B.  &  B.  Supvr.,  N.  W.  P.,  11  Garden  Ave., 

San  Rafael,  Calif 1950 

Glander,  A.  M.,  (Ret.),  Ch.  Carp.,  C.  M.  St.  P.  &  P.,  806  Oakland  Place, 

Austin,  Minn 1936 

Gunderson,  E.,  (Ret.),  Supt.  B.  &  B.,  C.  St.  P.  M.  &  O.,  Altoona,  Wis 1927 

H 

Hampton,  A.  A.,  (Ret.) ,  Supvr.  B.  &  B.,  M.  P.,  903  S.  Second  St.,  Monroe,  La 1947 

Hancock,  J.  S.,  (Ret.),  Brdg.  Engr.,  D.  T.  &  I.,  4921  Calhoun  Ave.,  Dearborn,  Mich..  .  1916 

Harman,  W.  C,  (Ret.) ,  Supv.  B.  &  B.,  S.  P.,  656  Cedar  St.,  San  Carlos,  Calif 1911 

Harris,  A.  R.,  (Ret.),  Engr.  Brdgs.,  C.  &  N.  W.,  1440  Regina  Dr.,  West, 

Largo,   Fla 1940 

Heiszenbuttel,  H.,  (Ret.),  B.  &  B.  Supv.,  C  &  N.  W.,  808  So.  3rd  St.,  Norfolk,  Neb..  .  1917 

Hemstad,  B.,  (Ret.) ,  Mast.  Carp.,  G.  N.,  1120  Becker  Ave.,  West,  Willmar,  Minn 1937 

Hillman,  A.  B.,  (Ret.) ,  Ch.  Engr.,  B.  Ry.  of  C,  14030  Tracy  Ave.,  Apt.  2-A, 

Riverdale,  111 1942 

Hillman,  F.  W.,  (Ret.),  Asst.  Engr.  M.  W.,  C.  &  N.  W.,  1104  N.  Harlem  Ave., 

River  Forest,  111 1917 

Hoyt,  A.  C,  (Ret.) ,  Engr.  B.  &  B.,  E.  J.  &  E.,  Albuquerque,  N.  M 1947 

Hubbard,  M.  J.,  (Ret.),  Asst.  Ch.  Engr.-Sys.,  C.  &  O.,  243  S.  Boulevard, 

Huntington,  W.  Va 1948 

Huckstep,  W.  A.,  (Ret.),  Gen.  Bldg.  Supvr.,  M.  P.,  Park  Lajolla  Apts.,  5331  Lajolla 

Blvd.,  Lajolla,  Calif 1941 

Huntsman,  F.  C,  (Ret.) ,  Asst.  Engr.,  Wabash,  416  Oak,  Macon,  Mo 1922 

Hutcheson,  W.  A.,  (Ret.),  Supvr.  Wk.  Equip.,  C.  &  O.,  620  Douglas  St., 

Clifton  Forge,  Va 1939 

Hutchings,  V.  W.,  (Ret.),  B.  &  B.  Supvr.,  S.  P.,  3594  E.  Central,  Fresno,  Calif 1941 

I 

Inabinet,  J.  V.  (Ret.),  Gen.  Brdg.  Insp.,  S.  A.  L.,  1142  Monterey  St., 

Jacksonville,   Fla 1948 

I 

Jackman,  H.  E.,  (Ret.),  Mast.  Carp.,  B.  &  O.,  570  Eastern  Ave.,  Chillicothe,  Ohio.  .  .  .  1944 
Jackson,  T.  E.,  (Ret.),  Gen.  B.  &  B.  Supvr.,  S.  P.,  144  Sickles  Ave., 

San   Francisco,   Calif 1940 

Johnson,  B.  O.,  (Ret.),  Off.  Engr.,  C.  M.  St.  P.  &  P.,  728  Avenida  Feliz, 

Tucson,  Ariz 193 1 

Johnson,  D.  H.,  (Ret.),  Supvr.  B.  &  B.,  C.  St.  P.  M.  &  O.,  1342  Edgerton  St., 

St.  Paul  1,  Minn 1940 

Johnson,  R.  W.,  (Ret.),  Asst.  Engr.,  C.  M.  St.  P.  &  P.,  1980  9th  Ave.,  Yuma,  Ariz..  .  .  1922 
Jones,  A.  C,  (Ret.),  B.  &  B.  Supv.,  Sou.,  Rt.  3,  Box  1003,  Birmingham  13,  Ala 1938 

K 

Kemmerer,  W.  G.,  (Ret.),  Engr.  B.  &  B.,  P.  R.  R.,  508  Rockavon  Rd., 

Narberth,  Pa 1931 

Kvenberg,  S.  E.,  (Ret.),  Supvr.  Bldg.  Maint.,  C.  M.  St.  P.  &  P., 

123  Stanton  Point  Rd.,  Ingleside,  111 1932 

L 

Lacher,  W.  S.,  (Ret.),  Secy..  A.  R.  E.  A..  407  E.  Fuller  Rd.,  Hinsdale,  111 1922 

Lampson,  W.,  (Ret.),  Supvr.  B.  &  B.,  M.  C,  c/o  D.  G.  Lowry,  477  Congress  St., 

Portland,  Me 1930 
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(UsS)  American  Bridge  builds 

World's  Longest  Vertical  Lift  Span 


The  71-year-old  swing  span  carrying 
the  Staten  Island  Rapid  Transit 
Railway  over  the  Arthur  Kill  be- 
tween Staten  Island,  N.  Y.  and 
Elizabeth,  N.  J.,  has  been  replaced 
by  a  modern  lift  bridge.  And  there's 
an  interesting  story  behind  the 
event.  When  the  496'6"  swing  bridge 
was  built  in  1888,  it  was  the  longest 
in  existence,  a  record  it  held  for 
many  years.  It  too,  was  fabricated 
and  erected  by  American  Bridge. 

The  imposing  new  bridge,  with  its 
hbl'Wyi"  thru  truss  vertical  lift 
span,  is  also  a  record-breaker. 

But  great  length  is  not  the  only 
feature  about  the  new  bridge.  It  is 
an  imposing  structure  from  every 
angle.  Big,  but  not  as  heavy  as  it 
looks  because  most  of  the  1,658  tons 
of  steel  in  it  are  USS  Man-Ten;  the 
towers  are  33'  x  32'  in  width  and 

General  Offices:  525  William  Perm  Place,  Pittsburgh.  Pa. 
Contracting  Offices  in:   Ambridge  •  Atlanta  •  Bakersfield   •   Baltimore  • 
Oenver  •  Detroit  •  Elmira  •  Fresno  •  Gary  •   Harrisburg.  Pa.  •  Houston 
delphia  •  Phoenix  •  Pittsburgh  •  Portland,  Ore.  •  Roanoke  •  St.  Louis  • 


163'4"  high;  and  even  the  vertical 
lift  span  itself  is  huge,  being  43'4" 
deep  at  the  end  and  increasing  to 
70'  in  the  center.  The  old  bridge, 
incidentally,  will  also  be  dismantled 
by  American  Bridge. 

American  Bridge  has  unmatched 
experience  in  railroad  bridge  con- 
struction. We  have  the  know-how, 
the  equipment  and  the  personnel  to 
handle  such  jobs  with  a  minimum  of 
interruption  to  traffic.  We  welcome 
an  opportunity  to  discuss  your 
bridge  replacement  or  repair  require- 
ments. Just  call  or  write  the  nearest 
office  listed  below. 

USS  and  Man-Ten  are  registered  trademarks 


American  Bridge 

Division  of 

United  States  Steel 


Birmingham  •  Boston  •  Chicago  •  Cincinnati  •  Cleveland  •  Dallas 
•  Los  Angeles  •  Minneapolis'  New  York  •  Orange,  Texas  •  Phila- 
South  San  Francisco  •  United  States  Steel  International  (N.Y.),  Inc. 
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Joined  In 

Lord,  H.  T.,  (Ret.),  B.  &  B.  Mast.,  C.  P.,  415  Third  St.,  So.,  Kenora,  Ont.,  Can 1940 

Luther,  L.  A.,  (Ret.),  Serv.  Engr.,  Ingersoll  Rand  Co.,  1121  Hamilton  Ave., 

Palo  Alto,  Calif 1945 

Mc 

McDaniel,  W.  L.,   (Ret.),  Vice  Pres.,  American-Marietta,  701  Fairhope  Ave., 

Fairhope,   Ala 1945 

McKay,  A.  G.,  (Ret.),  Supv.  B.  &  B.,  N.  Y.  N.  H.  &  H.,  11  Pine  Island  Road, 

Jupiter  Pt.,  Groton,  Conn 1915 

McMahon,  T.  D.,  (Ret.) ,  Arch.,  G.  N.,  223  Lake  Avenue,  White  Bear  Lake  10,  Minn. .  .  1918 

M 

Madson,  H.  C,   (Ret.),  Design.,  C.  &  N.  W.,  1327  Curtiss  Ave.,  Ames,  Iowa 1940 

Manley,  B.  F.,  (Ret.),  Supvr.  B.  &  B.,  P.  E.,  P.O.  Box  197,  Sunset  Beach,  Calif 1916 

Manning,  D.  A.,  (Ret.),  Supv.  B.  &  B.,  C.  &  N.  W.,  9120  Sherman  Ave., 

Brookfield,  111 1939 

Martens,  W.  F.,  (Ret.),  Gen.  Fore.  B.  &  B.,  A.  T.  &  S.  F.,  3396  Mayfield  Ave., 

San  Bernardino,  Calif 1924 
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KEEP  EM  CLEAN! 


WEEDS-GRASS-BRUSH 

Chipman  Weed  Killers 
and  Application  Service 

Bound  Brook,  N.J.;  Chicago, 
St.  Paul,  Minn.;  N.  Kan- 
sas City,  Mo.;  Pasadena, 
Tex.;  Palo  Alto,  Calif.;  Port- 
and,  Ore.;  Bessemer,  Ala. 


CHIPMAN  CHEMICAL  COMPANY,  INC., 

Burlingame,  California 
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.  .  .  owes  its  effectiveness  to  the  right  combination  of  chemicals,  equip- 
ment and  service  for  your  particular  vegetation  problem.  Look  to  Nalco 
for  EXPERIENCE,  too.  Nalco  originated  H-174,  the  most  effective 
soil  residual  type  granular  weed  killer  marketed  today.  Specialized 
equipment  and  Nalco  supervision  assure  you  of  easiest,  most  accurate 
application. 

For  precision  application  of  liquid  chemicals  along  rights-of-way,  Nalco 
provides  the  most  modern  spray  cars  and  experienced  operating  per- 
sonnel. When  you  consider  weed  and/or  brush  control,  consider  Nalco 
— dependable  for  efficiency  and  economy-minded  know-how. 

NALCO  CHEMICAL  COMPANY 

6216  West  66th  Place  •  Chicago  38,  Illinois 

In   Canada:     Alchem   Limited,    Burlington,   Ontario 


THE!  SYSTEM 

SERVING    RAILROADS  THROUGH    PRACTICAL  APPLIED   SCIENCE 
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RAILWAY      MOTOR      CARS 
AND     WORK      EQUIPMENT 
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INSPECTION   MOTOR   CARS 

SECTION  MOTOR   CARS 

GANG   MOTOR   CARS 

PUSH   CARS   AND  TRAILERS 

HY-RAIL   EQUIPMENT 
*BALLAST  MAINTENANCE  CARS 
*WEED   MOWERS 

WEED   SPRAYERS 
"SNOW   MELTERS 
"WEED   BURNERS 

EXTINGUISHER   CARS 
"HYDRAULIC   POWER   TOOLS 
"HYDRAULIC   EARTH   AUGERS 


*TRACK   LINERS 
*TIE   TAMPERS 
*SPIKE   DRIVERS 
*TIE   REMOVERS 
*TIE   HANDLERS 
*RAIL  LIFTERS 
*TIE   BED   SCARIFIERS 
*SPIKE   PULLERS 

TIE   PLUG  INSERTERS 

TIE   NIPPERS 

DERRICK   CARS 

OIL   SPRAYERS 

TIE   SPRAYERS 


*THESE   UNITS   ARE   ACTUATED  EITHER   COMPLETELY 
OR   PARTIALLY   BY   HYDRAULIC   POWER 

FAIRMONT   RAILWAY   MOTORS,  INC.,  FAIRMONT,  MINNESOTA 
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Hansen,  D.  G.,  Ry.  Sis.  Mgr.,  Lewis  Bolt  &  Nut  Co.,  504  Malcolm  Ave.,  S.  E., 
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PETTIBONE  "25"  MULTIKRANE  has 
25,000  lbs.  capacity  lift  at  a  10  ft.  radius 
capacity  range.  All  Hydraulic  Controls, 
Telescopic  Boom,  Full  360°  Rotation, 
Four  Wheel  Brakes,  Four  Wheel  Steer. 
Out-perf  ornis  any  other  Hydraulic 
Crane. 


PETTIBONE  "15"  MULTIKRANE, 

15,000  lbs.  capacity  at  12  ft.  radius 
capacity  range,  has  all  features  of 
the  Pettibone  "25"  Multikrane. 


MtiKiraM] 


Over  80   Years  of  Service 
to    the    Railroad    Industry 


PETTIBONE  MULLIKEN  CORPORATION 

RAILROAD   DIVISION 
141  West  Jackson  Boulevard,  Chicago  60604 
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3420  Van  Buren,  Topeka,  Kans 1961 

Petteys,  W.  F.,  R.  R.  Consult.,  501  Mandalay,  Apt.  F-5,  Yacht  Basin  Apts., 

Clearwater  Beach,  Fla 1948 

Phillips,  R.  O.,  Mgr.  Tech.  Serv.,  Research  &  Development  Associates,  909  N.  Main.  St. 

Ft.  Worth,  Texas 1961 

Piepmeier,  A.  L.,  Vice  Pres.,  Turner  Engineering  Co.,  112  Union  St., 

Nashville  3,  Tenn 1953 

Polk,  P.  W.,  Vice  Pres.  &  Gen.  Mgr.,  Buckeye  Iron  &  Brass  Works,  P.  O.  Box  883, 

Dayton   1,  Ohio    I960 


Reilly,  W.  C,  Vice  Pres.,  Conley  Frog  &  Switch  Co.,  P.O.  Box  9188,  Memphis,  Tenn.  I960 
Robinson,  J.  C,  Re?.  Engr.  R.  R.,  Armco  Steel  Corp.,  Metal  Prod.  Div., 

P.  O.  Box  2170,  Denver,  Colo 1962 

Roof,  W.  B.,  Const.  Engr.  &  Asst.  to  R.  R.  Sis.  Vice  Pres.,  Metal  Prod.  Div.,  Armco 

Steel  Corp.,   Curtis   St.,   Middletown,   Ohio    195S 


Scroggs,  J.  E.,  Pres.,  Railway  Techniques,  Inc.,  3316  Broadway,  Kansas  City,  Mo 1958 

Seppa,  K.  E.,  Sis.  Engr.,  Armco  Steel  Corp.,  Metal  Prod.  Div.,   220  W.   Harrison, 

Seattle,  Wash I960 

Smith,  C.  E.,  Dist.  Sis.  Mer.,  American  Brake  Shoe  Co.,  P.  O.  Box  7353,  Houston  8,  Tex.  1960 
Standish,  J.  H.,  Sis.  Rep.,"  American  Brake  Shoe,  R.  R.  Prod.  Div.,  P.  O.  Box  7353, 

Houston,    Texas       1961 

Storer,  J.  W.,  Vice  Pres..  Osmose  Wood  Preserving  Co.,  4505  Monona  Drive. 

Madison.  Wis 1961 
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PROBLEM:  HOW  TO  KEEP  ANY  AREA  COMPLETELY 

FREE  OF  VEGETATION... even  hard-to-reach  places.  Solution:  20 
Mule  Team®  UREABOR ,®  the  nontoxic,  noncorrosive,  nonflammable 
granular  weed  killer  concentrate.  Our  herbicide  specialists  study  your 
local  weed,  soil  and  weather  conditions  and  recommend  the  right  one 
of  5  UREABOR  products.  With  granular  UREABOR  there's  no  water  to 
haul,  no  mixing,  no  spray  equipment  preparation.  U.  S.  Borax  furnishes 
spreader  equipment  especially  designed  for  on  and  off-track  road  beds, 
rights  of  way,  or  under-bridge  areas.  There's  even  a  helicopter  attach- 
ment for  rough,  inaccessible  terrain.  With  16  soil  sterilants  plus  the 
widest  field  experience,  The  Formula  Finders  are  ready  to  help  you  cut 
costs  and  solve  vegetation  problems.  Consult  your  chemical  distributor 
or  write: 


^*-w  *»>**»*»' 


*+mm~ 


U.S.  BORAX  RAILWAY  DEPARTMENT, 
3456  PETERSON  AVE.,  CHICAGO  45,  ILL. 


BORAX 
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Joined  In 


Thomas,  J.  M.,  Sis.  Engr.,  Armco  Steel  Corp.,  Metal  Prod.  Div.,  P.O.  Box  4765, 

Portland,  Oreg I960 


Van  Landenham,  J.  C,  Sis.  Engr.,  Roy  C.  Patton  Co.,  Jacksonville  Beach,  Fla 1964 

w 

Warrenfells,  J.  F.,  So.  Sis.  Mgr.,  Weir  Kilby  Corp.,  Taylor- Wharton  Co., 

Birmingham,  Ala 1946 

White,  H.  L.,  Ch.  Sis.  Engr.,  Armco  Steel  Corp.,  Metal  Prod  Div.,  1001  Grove  St., 

Middletown,  Ohio ...  1962 

Williams,  C.  B.,  Pres.,  Ever  Tight  Bolt  Assembly  Co.,  238  Lincoln  Ave., 

Council  Bluffs,  la 1954 

Williams,  G.  S.,  Supt.,  Southern  Amiesite  Asphalt  Co.,  Inc.,  3401  5th  Ave.  No., 

Birmingham,  Ala 1956 

Williams,  W.  L.,  Sis.  Devel.  Engr.,  Enjoy  Chemical  Co.  Div.  Humble  Oil  &  Refining 

Co.,  60  W.  49th  St.,  New  York,  N.  Y 1964 

Williamson,   W.   M.,   Res.   Rep.,    Fairmont   Railway   Motors,   Inc.,    2208    Riverside 

Drive,  Houston  4,  Tex I960 

Wilson,  W.  C,  Pres.,  Southeastern  Ry.  Supply,  Inc.,  P.  O.  Box  368,  Arlington  10,  Va.  .1951 
Wingerson,  C,  Ry  Sis.  Engr.,  Screw  &  Bolt  Corp.  of  America,  P.  O.  Box  1708, 

Pittsburgh  30,  Pa 1954 


MEMBERSHIP   BY   ROADS 


Q 


Akron,  Canton  &  Youngstown 
Converse,  D.  W.  (Ret.) 


Indicates  Junior  Member 


Alaska 
Cannon,  B.  E. 


Ann  Arbor  Atlanta  &  West  Point— Western  Ry. 

Burns,  F.  M.  Loznak,  S.  R.  of  Alabama— Georgia 

Phelps,  C.  E. 


Atchison,  Topeka  &  Santa  Fe 
(Incl.  G.  C.  &  S.  F.-P.  &  S.  F.) 


Arnold,  L.  K. 

Beeder,  R.  H. 

Bisbee,  R.  D.  (P&SF) 

Clancy,  R.  E. 

Clark,  W.  H. 

Cole,  G.  (Ret.) 

Cook,  J.  C,  Jr.  (GC&SF) 

Corbett,  R.  K. 

Crutchfield,  W.  T 

Davis,  L.  M. 

Eisemann,  J.  E. 


Babbitt,  J.  H.   (Ret.) 
Barnhart,  E.  H. 

(Ret.)    (Hon.) 
Bell,  D.  V. 
Bleul,  G.  T. 
Brown,  W.  S. 

Buckmaster,  W.  A.  (BOCT) 
Curie,  H.  E.  ( Ret. ) 


Gipson,  C.  G. 
Harris,  E.  N. 
Harris,  L.  C.  (GC&SF) 
Heinlen,  R.  H.  (GC&SF) 
Huckabay,  J.  B. 
Johnston,  G.  H. 
Lawson,  W.  W. 
Martens,  W.  F.  (Ret.) 
McKanna,  A.  D. 
Osland,  E. 
Paul,  W.  L. 

Baltimore  &  Ohio 
(Incl.   B.  &   O.   C.  T.) 

Enderle,  R.  E. 
Green,  C.  C. 
Jackman,  C.  E. 
Jackman,  H.  E.  (Ret.) 
Johnson,  A.  J. 
Lewellyn,  A.  C. 
Pound,  E.  R. 
Riley,  C.  R. 


Pritchard,  B.  L. 

Reese,  C.  M.  (GC&SF) 

Robey,  W.  E. 

Sandberg,  C.  H. 

Siebert,  E.  R. 

Tanner,  C  L.  (P&SF) 

Vanderpool,  G.  R. 

Wilson,  H.  E. 

Worden,  R.  K.  (GC&SF) 

Zigler,  L.  A. 


Rodgers,  L.  T. 
Rymer,  J.  R. 
Seitz,  H. 
Simpson,  L.  W. 
Smith,  G.  A. 
Sturman,  J.  J. 
Waterman,  L.  B. 
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Frestressed  Concrete 
for    RAILROADS! 


A.A.R.    Instrumentation  for  impact  measurement. 


Three  spans  of  46  feet  with  18  foot  road  bed. 

PBESTRESSED  CONCRETE  INSTITUTE 


— — mmm 


r\ 


ACTIVE    MEMBER 


IMipH^ 


Central  and  Eastern  Illinois  Railroad  over 
Illinois  Route  9  East  of  Rankin,  Illinois. 

MIDWEST 

Plants:  2742  South  6th  St.,  Springfield,  III.— Ill   5th  Ave.,  Rochelle, 


PRESTRESSED 
CONCRETE  CO. 


PRODUCERS  •   ENGINEERS  •   CONSULTANTS 
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Bangor  &  Aroostook 

Anthony,  O.  D. 
Trickey,  R.  E. 


Belt  Railway  Co.  of  Chicago 

Hillman,  A.  B.  (Ret.) 
Termunde,  W.  L. 


Birmingham   Southern 

Bull,  C.  L. 

Nichols,  E.  F. 


Bessemer  &  Lake  Erie 

Alexander,  M.  B.  Hunter,  A.  L. 

Foreman,  J.  E.,  Jr.  Ridgeway,  J.  J. 

Howe,  W.  C.  Yewell,  J.  E.  (Ret.) 


Boston  &  Maine 

Benson,  O.  C.  Meserve,  E.  S. 

Gamble,  H.  H.  Spofford,  F.  R. 

Tourtellotte,  E.  B.  (Ret.) 


Butte,  Anaconda  &   Pacific 

Swanson,  A.  M. 


Booth,  H.  E. 
Brice,  W.  T.  (Ret.) 
Cota,  G.M.  (Ret.)    (CV) 
Frost,  L.  M.  (GTW) 
Gibson,  D.  E. 
Halliday,  H.  C. 
Jacobs,  T.  F.  (GTW) 
Leinweber,  F.  J. 


Lenten,  C.  F.(/A 


Cadillac  &  Lake   City 

Noble,  H.  H. 


Canadian  National 
(Incl.  G.  T.  W.-C.  V.) 

Lenco,  W. 
Lundgren,  H.  M. 
MacDonald,  H.  R. 
MacQuarrie,  A.  C. 
Makarowski,  A. 
Morris,  C.  G. 
Nygaard,  R. 


Plourde,  L.  (Ret.) 
St.  Pierre,  M.  P. 
Smith,  R.  E. 
Trewin,  H. 
Wachter,  C.  E. 
Ward,  R.  A. 
Weller,  R.  C 


Canadian    Pacific 

Fox,  J. 

Lord,  H.  T.  (Ret.) 


Central    of   Georgia 

Benson,  G.  W.  (Ret.)  Pritchett,  J.  S. 

Chapman,  W.  E.  Youngblood,  R.  A. 


Cartier  Railway 
Morris,  D.  W. 


Chattahoochee  Valley 
Neal,  G.  W. 


Adams,  J.  H.,  Jr. 
Allen,  W.  V. 
Boehling,  H.  A.,  Jr. 
Christian,  J.  E.  (NF&G) 
Church,  H.  M.  (Ret.) 
Dickison,  C.  S. 
Ellis,  J.  S. 
Geyer,  C.  J.   (Ret.) 


Chesapeake   &  Ohio 
(Incl.  N.  F.  &  G.) 

Goodman,  C.  L. 
Harlow,  H.  M. 
Heck,  J.  E. 
Hecker,  R.  L. 
Hubbard,  M.  J.  (Ret.) 
Hutcheson,  F.  W. 
Hutcheson,  W.  A.   (Ret.) 
Jones,  E.  B. 


Koehler,  P.  L. 
Mitchell,  D.  N. 
O'Brien,  J.  B. 
Scites,  P.  E. 
Smith,  L.  D.,  Jr. 
Talman,  H.  S. 
Veldheer,  H. 
Wilson,  R.  P. 


Chicago  &  Eastern 

Baker,  R.  C. 
Cushman,  D.  G. 
Kinney,  T.  R. 
Moore,  I.  A.  (Ret.) 
Ogle,  H. 
Rice,  E.  D. 
Williams,  D.  R. 


Chicago  &  Illinois 
Midland 

Hawley,  I.  H. 
Peterson,  N.  W.  (  Ret. ) 


Chicago  &  Western  Indiana 

Hillman,  A.  B.  (Ret.) 
Johnson,  E.  B. 
Lieser,  H.  J. 
Murray,  D.  J. 
Sims,  H.  L. 
Tantillo,  A.  J. 


Beran,  J.  E. 

Bickham,  D.  O. 

Bowman,  H.  A.   (FW&D) 

Brouse,  R.  G.,  Sr. 

Brown,  E.  J. 

Cramer,  F.  H.  (Ret.) 


Chicago,  Burlington  &  Quincy 
(Incl.  C.  &  S.-Ft.  W.  &  D.) 

Davidson,  J.  W.  Patterson,  C.  C. 

Graham,  E.  A.  Pearson,  A.  H. 

(C&S-FtW.&D.)  Sartore,  D.  V. 

Hemmer,  A.  F.  Seley,  L.  L. 

Muelder,  C.  F.  Tracy,  S.  E. 

Oest,  W.  C.  ( Ret. )  ( FW&D ) 
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FAMOUS 


NON-FREEZE  HYDRANT 


Dimension  Details 

Female  inlet IV2" 

Female  outlet    1" 

Height  oi  spout  above 

ground 30" 

Height  oi  standpipe 

above  ground   12" 

Depth  oi  bury     .  3,  4,  5  ft. 


Cap 

Water  Tube 

Operating  Lever  Handle 

Spout 

Standpipe 

Valve  Stem 

Separator  Strip 

Valve  Body 

Disc 

Disc  Holder 

Standpipe  Housing 


The  FAMOUS  -840'  HYDRANT  is  included  in  the  "LIST  OF 
ACCEPTABLE  INTERSTATE  CARRIER  EQUIPMENT  HAVING 
SANITATION  SIGNIFICANCE"  issued  by- the  United  States 
Public  Health  Service. 

If  Brass  Standpipe  is  required,  it  will  be  furnished  on  order  at 
additional  cost. 


KEN-RAY 

BRASS  PRODUCTS,  INC. 

VERMONT,  ILLINOIS 


FEATURES 


IMPROVED  DESIGN  — FAMOUS 
"840"  NON-FREEZE  SELF  DE-ICING 
PASSENGER  COACH  HYDRANT 


1.  APPROVED  AND  RECOMMENDED  BY  HEALTH 
AUTHORITIES  THROUGHOUT  THE 
COUNTRY* 

2.  POSITIVE  SEALING  AGAINST  POLLUTION  OR 
CONTAMINATION,  BOTH  ABOVE  AND  BE- 
LOW GROUND.  REQUIRES  NO  UNDERGROUND 
WEEP-HOLE  OR  DRAIN  TUBE. 


3.  SELF  DE-ICING  DESIGN  ASSURES  EFFICIENT 
YEAR  ROUND  OPERATION  REGARDLESS  OF 
TEMPERATURE. 

4.  RUGGED  CONSTRUCTION  OF  DURABLE  MA- 
TERIALS MINIMIZES  WEAR  AND  RUST,  RE- 
DUCES SERVICE  AND  MAINTENANCE  RE- 
QUIREMENTS. 

5.  FOR  PARTS  INSPECTION  OR  RARE  ADJUST- 
MENT OR  REPLACEMENT  OF  PARTS,  THE 
FAMOUS  —  B4S  DISASSEMBLY  WRENCH  IS 
THE  ONLY  TOOL  REQUIRED  TO  REMOVE 
VALVE  BODY.  VALVE  STEM  AND  COMPLETE 
VALVE  ASSEMBLY  EASILY  LIFTED  OUT  OF 
PIPE. 

6.  THE  IMPROVED  DESIGN  FAMOUS  —  "84«" 
FROST  PROOF  SELF  DE-ICING  HYDRANT  IS 
FABRICATED  BY  SPECIALISTS  IN  THE  FIELD 
OF  GOVERNMENT  APPROVED  HEAVY  DUTY 
NON-FREEZING  WALL  HYDRANTS  .  .  . 
GROUND  HYDRANTS  .       POST  HYDRANTS 

.  DOMESTIC  TYPE  NON-FREEZE  FAUCETS. 

7  ORIGINAL  UNIT  COSTS,  INSTALLATION 
COSTS  AND  REPLACEMENT  COSTS  REFLECT 
AN  ADDITIONAL  DESIRABLE  ELEMENT  .  . 
ECONOMY'    PRICES  ON  REQUEST 


*lt  may  be  well  to  check 
with  local  Health  and 
Sanitation  Authorities  be- 
fore installation. 
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Anderson,  R.  D.   (Ret.) 
Armstrong,  W.  F. 
Babcock,  D.  L. 
Bangs,  E.  L. 
Barnes,  J.  A. 
Barr,  H.  L.  (Ret.) 
Barsema,  M. 
Beatty,  A.  G. 
Budzenski,  F.  N.  (Ret.) 
Christensen,  M.  C. 
Clark,  A. 

Colvin,  A.  A.  (Ret.) 
Decker,  H.  H.  (Ret.) 
Deno,  L.  J. 
Duchac,  J.  V.  (Ret.) 
Duresky,  F.,  Jr. 
Enger,  E.  M. 
Gueller,  H.  L. 
Gunderson,  E.  (Ret.) 
(CStPM&O) 


Chicago  &  North   Western 
(Incl.  C.   St.   P.  M.   &  O.) 

Harris,  A.  R.  ( Ret. ) 
Heiszenbuttel,  H.   (Ret.) 
Hillman,  F.  W.   (Ret.) 
Huffman,  W.  H. 
Johnson,  D.  H.  (Ret.) 

(CStPM&O) 
Koenig,  M.  E. 
Larson,  K. 
Linn,  G.  A. 
Lodeski,  J.  B. 
McCosky,  L.  E. 
McDermott,  B.  F. 
Madson,  H.  C.  (Ret.) 
Malmberg,  C.  R. 
Manning,  D.  A.   (Ret.) 
Merwin,  P.  B.  (Ret.) 
Meyers,  B.  R. 
Nelson,  R.  D. 
Olson,  O.  D. 


Packard,  B.  G. 
Patterson,  E.  C 
Perrier,  J.  L. 
Riggs,  W.  K. 
Sathre,  C.  O. 
Sinclair,  C.  H. 
Snyder,  R.  E. 
Thatcher,  C.  H.,  Jr. 
Thelander,  P.  V.  (Ret.) 
Thomas,  A.  A. 
Tieman,  L.  G. 
Vandenburgh,  E.  C. 

(Ret.)    (Hon.) 
Waisanen,  R.  M. 
Wenzel,  J.  R. 
White,  E.  K. 

Whitehouse,  B.  M.  (Ret.) 
Winkelhaus,  L.  C 

(Ret.)    (Hon.) 


Almendrales,  G. 
Berman,  N. 
Blake,  V. 
Blanchard,  L.  C. 
Boeser,  G  F. 
Bost,  M.  A.  (Ret.) 
Bost,  M.  R. 
Bredfeldt,  C. 
Burch,  E.  E.  (Ret.) 
Cameron,  W.  M. 
Casperson,  D.  F. 
Celander,  H.  W. 
Christianson,  H.  B.  (Ret.) 
Clark,  K.  L. 
Collings,  J.  E. 


Chicago,  Milwaukee,  St.  Paul 

Engman,  V.  E.  (Ret.) 
Glander,  A.  M.  (Ret.) 
Hansen,  A.  E. 
Hinsch,  L.  C. 
Hornig,  F.  F. 
Johnson,  B.  O.  (Ret.) 
Johnson,  R.  W.  (Ret.) 
Kampwirth,  J.  L. 
Kirchen,  J.  G. 
Klouda,  R.  G 
Kruse,  H.  H. 
Kvenberg,  S.  E.  (Ret.) 
Lucas,  H.  F. 
Lund,  C.  V. 


&  Pacific 

McGrew,  F.  O. 

Madvig,  H.  J. 

Martin,  J.  D. 

O'Brien,  W.  J.  (Ret.) 

Ornburn.  B.  J. 

Ostrom,  W.  D. 

Saether,  A.  H. 

Simmons,  R.  G 

Slagle,  G.  P. 

Stanczyk,  W. 

Strate,  T.  H.  (Ret.)    (Hon.) 

Trenning,  D.  P. 

Tvckoson,  E.  G 

Webber,  G.  R. 


Chicago 
Great  Western 

Gilbert,  W.  J. 
Marks,  C.  K. 
Peterson,  J.  M. 
Roof,  W.  R.  (Ret.) 
Smith,  A.  E. 


Chicago,  Rock  Island  &  Pacific 

Budzileni,  J.               Gregory,  K.  E.  Throckmorton.  W.  B. 

Calza,  P.  J.                 Matney,  E.  A.  Toal,  T.  W. 

Charvat,  A.  W.          Palagi,  L.  A.  Ware,  W. 

Engle,  T.  J.                Solarte,  H.  Williams,  J.  R. 


Cincinnati   Union   Terminal 
Hopton,  J.  P. 


Clinchfield 

Goforth,  J.  A. 
Hobbs,  J.  C 
Salmon,  J.  M.,  Jr. 


Columbus  &  Greenville 
Lea,  E.  T. 

Detroit  &   Mackinac 
Campbell,  J.  G. 


Delaware  &   Hudson 

Cruikshank,  A.  W. 
Dower,  E.  M. 
Norris,  M. 

Rowland,  O.  F.   (Ret.) 
Varker,  J.  L.  (Ret.) 
Williams,  N.  H. 


Denver  &  Rio  Grande 
Western 

Brookshire,  W.  J. 
Huntsman,  W.  J. 
McCall,  R.  G. 


Detroit,  Toledo  &  Ironton 

Burns,  F.  M. 
Hancock,  J.  S.  (Ret.) 
Hynes,  E.  J. 
Moline,  R.  F. 
Towle,  C.  L. 


Advertisement 


101 


Effective  Tie  Pad  Performance 
Depends  on  the  Seal 


Proof  of  the  Seal 

This  Bird  Self-Sealing  Tie  Pad  is 
removed  for  inspection  after  5 
years  of  service.  Because  of  its 
tenacious  seal,  the  pad  had  to 
be  pried  from  the  tie  with  an 
adze.  Bird  Self-Sealing  Tie  Pads 
maintain  dimensional  stability  .  .  . 
cannot  stretch  or  compress  .  .  . 
provide  a  constant  unbroken 
seal. 


Jetouched  photograph  of  cross 
leion  of  tie  shows  underplate 
■13,  including  spike  holes,  after 
H'ears'  protection  by  B;rd  Self- 
Siling  Tie  Pad.  There  is  no 
(re  of  the  destructive  effects  of 
msture  and  abrasion  in  these 
wierable  areas.  Moisture  and 
oasive  materials  could  not 
petrate    the    seal. 


and  you  get  Proof  of  the  Seal  with 
BIRD  Self-Sealing  Tie  Pads 

The  performance  of  tie  pads  depends  on  the  permanent  and  effective 
seal  between  the  pad  and  the  tie.  Any  tie  pad  that  is  not  securely  sealed  to 
the  tie  simply  provides  a  shelter  for  accumulated  moisture  and  abrasive 
materials.  These  destructive  agents  cause  the  breakdown  of  the  supporting 
power  of  the  tie  under  the  plate  and  the  holding  power  of  the  spike  wood. 

Bird  Self-Sealing  Tie  Pads  are  the  only  tie  pads  whose  durable  and 
effective  seal  with  the  tie  has  been  proved  through  years  of  in-track  serv- 
ice. Actual  in-track  installation  also  proves  that  Bird  Self-Sealing  Tie  Pads 
increase  tie  life  sufficiently  to  pay  the  cost  of  tie  pads  many  times  over. 
These  savings  represent  a  substantial  reduction  in  track  maintenance  costs. 

For  an  interesting  booklet  giving  facts  and  figures  on  dollar  savings, 
■  write  to  Bird  Tie  Pads,  Taunton,  Massachusetts. 


Buy  the  Best... 


BIRD 


TIE   PADS,   INC. 

P.  O.  Box  909 
TAUNTON,  MASS. 


Buy  BIRD 
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Duluth,  Missabe 
&  Iron  Range 
Burleson,  H.  S. 


Chamberlain,  P.  C. 
Elower,  L. 


Elgin,  Joliet  &  Eastern 


Gatch,  B.,  Jr. 
Hopkins,  J.  M. 
Hoyt,  A.  C.  (Ret.) 
Johnson,  A.  C. 

Erie-Lackawanna 

Jentoft,  L.  H. 
Luce,  W.  L. 


Lokotzke,  G.  P. 
McDiarmid,  R.  J. 
Martyn,  G.  W. 


Rode,  L.  A. 
Weikal,  K.  J. 
Yaw,  D.  M. 


Mateer,  W.  G.  (Ret.) 
Sturm,  W.  C. 
Weller,  M.  E. 

Florida  East  Coast 

Free,  J.  D. 
Martin,  R.  T. 


Galveston,  Houston  &  Henderson 
Smith,  H.  E. 


Great   Northern 


Barke,  W.  B. 
Burns,  D.  H. 
Duffy,  P.  E. 
Gustafson,  R.  W. 
Hemstad,  B.   (Ret.) 
Kahl,  F.  B. 


Bober,  H. 
Bodie,  B.  V. 
Cooper,  S.  A. 
Erskine,  J.  A. 


Albert,  E.  A. 
Beringer,  M.  A. 
Block,  M.  (Ret.) 
Bruns,  H.  W. 
Burford,  A.  E. 
Cerrone,  L.  A. 
Chamraz,  G.  J. 
Forbes,  I.  G. 
Golem,  G.  G. 
Helm,  J.  M. 


McHaffie,  J.  N. 
McMahon,  T.  D.  (Ret.) 
Melton,  H.  W. 
Street,  M.  R. 
Wiklund,  W.  W. 
Wood,  R.  E. 


Georgia  &  Florida 

Ahouse,  F.  B.,  Jr. 
Austin,  S.  B. 

Green   Bay  &  Western 

La  Chapelle,  H.  A. 
Mettlach,  P.  A. 
Zapfe,  E.  J. 


Gulf,  Mobile   &  Ohio 

Hellweg,  R.  D.  Reese,  C.  L. 

Jackson,  C.  S.  Reeves,  J.  I. 

Rapier,  L.  F.  Wall,  E.  G.  (Ret.) 


Johnson,  E.  A. 
Julius,  H.  R. 
Kulby,  I.  J. 
Langmeyer,  A.  F. 
Leach,  A.  L. 
Lingle,  T.  N. 
Little,  H.  C. 
McNally,  G.  S. 
Marriott,  L.  S. 
Mathieu,  J.  L. 


Central 

Mottier,  C.  H.  (Ret.) 
Myers,  R.  L. 
Nord,  D.  L. 
Owens,  B.  H. 
Pearson,  R.  E. 
Raessler,  V.  D. 
Rogers,  L.  W. 
Runde,  E.  E. 
Russell,  C.  E. 
Schlaf,  E.  R. 


High  Point 

Thomasville 

&  Denton 

Kirkman,  T.  C. 


Snyder,  E.  F. 
Stinebaugh,  J.  H. 
Stouffer,  R. 
Tilley,  E.  L. 
Tustin,  E.  O. 
Tustin,  W.  S. 
Van  Scoyoc,  L. 
Watanabe,  L.  H. 
White,  L.  H. 
Williams,  J.  M. 


Illinois  Terminal 

Firehammer,  L.  M.  (Ret.) 
Horney,  M.  L. 
Marshall,  M. 
Pearson,  W.  O. 

Kansas  City  Terminal 
Klempnauer,  R.  C. 

Los  Angeles  Junction 
Harrison,  G.  C. 


Kahului 


Gammie,  R.  M. 


Lehigh  Valley 
Helfrich,  J. 
Rights,  H.  T.  (  Ret. ) 


Kansas   City   Southern- 
Louisiana  &  Arkansas 

Bolte,  W.  R.  (KCS) 

Borchert,  W.  C.  (Ret.)    (L&A) 


Long  Island 

Raver,  H.  E. 
Rowland,  J.  W. 

Louisville   &   Nashville 


Maine    Central 


Born,  J.  O.         Dixon,  C  E. 
Lampson,  W.  (Ret.) 


Coles,  J.  W. 
Conniff,  C.  F. 
Currier,  L.  F. 
Fussell,  W. 
Lackey,  J.  B. 

Minnesota  Mining  & 

Manufacturing    Co. 

Howard,  P.  D. 


Manson.  A. 
Morris,  C.  L. 
Nichols,  J.  C. 
Reed,  T.  C. 
Sellers,  J.  B. 

Missouri-Kansas-Texas 


Carter,  T.  S. 
Huckabv,  V.  T. 
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Assure  lower  maintenance  costs, 
better  performance  with... 

TEXACO 

Petroleum  Products  and 

Systematic  Engineering 

Service 


TEXACO  inc. 

RAILWAY  SALES  DIVISION 

135  East  42nd  St.,  New  York  17,  N.  Y. 
NEW  YORK   •   CHICAGO   •   SAN  FRANCISCO   •   ST.  LOUIS   •   ST.  PAUL  .   ATLANTA 


A  SERVICE  INSTITUTION 

Dedicated  to  quality  upgrading  and 
overhauling  of  railroad  equipment 
and  machinery. 

Write,  wire  or  phone  for  further  information. 

RAILROAD  MACHINERY  SERVICE  CORPORATION 

2089  Railway  Exchange  Building 
St.  Louis  1,  Missouri 

Area  Code:    314  Phone:    CHestnut  1-2424 
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Missouri    Pacific 

Anderson,  J.  L.   (Ret.)  Chambers,  J.  W.  Johnson,  H.  L. 

Bach,  S.  A.  Chaney,  A.  B.  (Ret.)  Kieckers,  E.  W. 

Bertel,  D.  J.  Collier,  P.  B.   (Ret.)  Mack,  H.  L. 

Brakensiek,  W.  E.  Franzen,  E.  T.  Mallard,  R.  D. 

Bunge,  W.  H.  (Ret.)  Hamilton,  H.  J.  Mason,  E.  L. 

Burkel,  J.  N.  Hampton,  A.  A.  (Ret.)  Mayfield,  L.  (Ret.) 

Carpenter,  R.  H.  Huckstep,  W.  A.  Meeks,  W.  R.  (  Ret. ) 
(Ret.)                              (Ret.) 


Monon 

Anderson,  M.  P. 
Wang,  A.  B.  ( Ret. ) 


Monongahela  Connecting 

LeDonne,  J.  A. 


Scheetz,  F.  B.  (Ret.) 
Schmitz,  J.  F. 
Short,  W.  L. 
Stadter,  C.  O. 
Wachtel,  C.  D. 
Walker,  G.  P. 
Wohlschlaeger,  M.  A 

National  Railways 

of   Mexico 
Piccone,  C.  (Ret.) 


New  York  Central 
(Incl.  C.  C.  C.  &  St.  L-C.  R.  &  l.-l.  H.  B.-M.  C.) 


New  Orleans 

Public  Belt 
Coates,  J.  R. 
Garland,  E.  F. 


Anderson,  A.   (Ret.) 
Bristow,  L. 
Davis,  H.  E. 
Deal,  C.  D. 
Dimick,  C.  A. 
Gilmore,  J.  M. 


Hickok,  B.  M. 
Ledyard,  W. 
Moutoux,  H.  G.,  Sr. 
Nelson,  M.  S. 
Nies,  A.  B.  (Ret.) 
(MC) 


Ovardits,  K. 
Patterson,  J.  M. 
Robinson,  G.  E.  (Ret.) 
Swanson,  W.  C. 
Taggart,  C.  R.  (Ret.) 
Tattershall,  E.  R. 
(Ret.) 


New  York,  Chicago  &  St.  Louis 

Grice,  R.  A.  Miller,  R.  F. 

Logan,  P.  W.  Milne,  A.  P. 

McKenney,  C.  E.  Moris,  R.  F. 

Merrill,  B.  W.  Singer,  F.  W.  (Ret.) 

Norfolk  &  Western 

Baldock,  R.  M.  Gabrio,  C.  W. 

Cantwell,  L.  C.  Hedley,  W.  J. 

Chaffin,  E.  S.  Shamblin,  R.  E. 


New  York,   New  Haven   &   Hartford 

Jenkins,  H.  W.  Ryan,  G.  M. 

Kenyon,  J.  R.  Smith,  C.  E.   (Ret.) 

McKay,  A.  G.  (Ret.)  Tetrault,  L.  J. 
Meeker,  G.  W. 

Norfolk,   Franklin  &   Danville 
Duncan,  F. 


Norfolk  Southern 
Boling,  E.  C. 


Grant,  A.  F. 
Humphreys,  R.  W 
Kick,  C.  W. 
Moore,  J.  F. 
Morris,  C.  R. 
Panushka,  E.  A. 
Presthus,  E.  J. 


Northern    Pacific 

Rea,  C.  M. 
Savage,  F.  E. 
Swanson.  R.  S. 
Turner,  G.  M. 
Walton,  K.  D. 
Wiemer,  H.  C. 
Wold,  O.  R. 


Ontario  Northland 

Saunders,  T.  D. 


Blake,  J.  E.,  Jr. 
Bowman,  R.  M. 
Bradfield,  R.  G. 
Brandimarte,  J.  J.,  Jr. 
Campbell,  H.  G,  Jr. 
Chamberlain,  H.  L. 
Code,  C.  J. 
Creek,  C.  W. 
Day,  F.  D. 
Dick,  H.  M.  (Ret.) 
Flayhart,  W.  H. 
Gottsabend,  W.  J. 
Greenlee,  J.  G. 

Pittsburg  &  Shawmut 
Weaver,  W.  R. 


Harman,  C  A. 
Hendrix,  W.  P. 
Herbott.  W.  F. 
Jawor,  J.  J. 
Johnson,  H.  T. 
Jorlett,  J.  A. 
Kemmerer,  W. 

( Ret. ) 
Kendall,  J.  T. 
Kubacki,  L.  R. 
Laurick,  M.  J. 
Lehman,  J.  F. 
McGee,  F.  E. 


Pennsylvania 

McKibben.  D.  H. 
Mathias,  H.  O. 
Mays,  T.  W.  N. 
Meredith,  W.  E. 
Montaeue,  C.  F. 
Pahl,  W.  H,  Jr. 
G.  (Ret.) 

Parvin,  C.  F. 
Prentiss,  E.  W. 
Reynolds,  T.  A. 
Richards,  C.  A.  J. 

( Ret. ) 
Rudisill,  D.  E. 


Quebec  North  Shore  &  Labrador 
Brazeau,  R.  Lander,  T.  W. 

Gendron.  P.  Michaud.  M. 

Hurley,  G.  L.  Parent,  M. 


Seltzer,  J.  W. 
Sharkev.  J.  J.  (Ret.) 
Smith,  R.  H,  Jr. 
South,  J.  E. 
Thum,  W.  A..  Jr. 
Todd,  D.  C.  (Ret.) 
Von  Behren,  G. 
Warfield,  H,  Jr. 

( Ret. ) 
Warfield.  W.  B. 
Wilson,  H.  M. 
Wintoniak,  S.  G. 


Reading 
Klein,  C.  A. 
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SIMPLEX 
JACKS 


TRACK  JACKS-MECHANICAL 

5    models   with    improved   aluminum 
housings   and   7   models  with 
malleable   housings. 

TRACK  JACKS-HYDRAULIC 

Remote   controlled   and   self-contained 
Four-jack   powered  unit  has  60  ton 
capacity  for  surfacing  and   lining. 

RAIL  PULLERS  AND   EXPANDERS 

Rail   puller  and  expander- 
mechanical   30   tons, 
hydraulic    120   tons. 
Rail   expander- 
hydraulic   60   tons 

Also:  Bridge  Jacks,  Tie  Spacers, 

Rail  Dollies,  Jack  Supports, 

Traversing  Jacks, 

Push-and-Pull  Jacks. 

TEMPLETON-KENLY  &  CO. 

2525  Gardner  Rd.,  Broadview,  III. 
—  272   MECHANICAL  AND  HYDRAULIC  JACKS  AND  PULLERS  TO  CHOOSE  FROM 


All    products 
are   manu- 
factured  in  the 
U.S.A.  to 
A.S.T.M. 
specifications 


Also  available 
with  $td.  *q. 

and  hex.  -nult. 


e 


hook  bolt 


A  highly  dependable,  superior  bolt  used  in 
bridge  ond-  trestle  construction.  Forged  from 
S.A.E.  1045  steel/ Patented  fins  prevent  turn- 
ing. Sealtite  washer  nut  adds  strength,  stops 
seepage.  Available  in  Hot-Dip  Galvanized  finish 
for  greater  durability  ond  economy. 

Used  by  85%  of  America's  Class  1  Railroads 

See  your  tewi's  representative,  or  confacf 
factory   for  samples,    prices,    full   details. 


LETATIS  BOLT  &  NUT  COMPANY 

ESTABLISHED    1927 

504  MALCOLM  AVE.  S.  E.,  MINNEAPOLIS  14,  MINN. 
FEDERAL  9-9371 
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Advertisement 


BRIDGE  MEN 

EVER  TIGHT  BOLT  ASSEMBLY  PERMANENT  BRIDGE  HARDWARE 

far  tuc  o*t 

ALL  TIMBER  or  STEEL  and  TIMBER  CONSTRUCTION 


Dolt  down  for 
Max.  Clearance 


=% 


li^rfMfShMJ; 


Spring 


Hut 


*s 


Spring  to  be  fully 
compressed  upon 
application 


•  LOWER  FIRST  COST  *  SIMPLE  ONE  MAN       •  REDUCES  INSTALLATION  COSTS- 

APPLICATION  ONE  HALF 

•  ELIMINATES  TIGHTENING  MAINTENANCE  •  A  SPRING  (PARKERIZED)  TO  KEEP  IT  TIGHT 

•  ALL  CONNECTIONS  LOCKED  CONTINUALLY 

•  ALL  CASTINGS  ARE  HIGHLY  CORROSION  RESISTANT  PAXMITE  IRON 

THE  EVER  TIGHT  BOLT  ASSEMBLY  COMPANY 

238  LINCOLN  AVENUE  *  COUNCIL  BLUFFS,  IOWA  *  F.  O.  B.  AND  SHIPPING  POINT  *  OMAHA,  NEBRASKA 


Capacity  Where  It  Counts! 

NCC  TRUCK  MOUNTED  CRANES 


•  Series  2   (shown  above)   with  capacity  up  to  8,000  pounds;  working  heights 
to  47  feet. 

•  Series   5   with  capacity   up   to    14,000   pounds;    working   heights   to   81    feet. 

•  Personnel   and   auger    attachments   available. 

FOR  FURTHER  INFORMATION,  WRITE  DEPT.  Q 

NATIONAL    CRANE    CORP. 

Waverly,    Nebraska 
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BRIDGE   INSPECTION 
AND  TREATMENT 

SAVES 

THOUSANDS  OF  DOLLARS 
EVERY  YEAR  KEEPING 

OLD  BRIDGES 

SAFELY    ON    THE    JOB 


i 


Write  for  List  of  Recent  Customers 

OSMOSE   WOOD    PRESERVING  CO.  OF    AMERICA,  INC. 
980  Ellicott  St.,  Buffalo,  N.  Y.  14209 


The 

PENETRYN    SYSTEM 

Inc. 

Restoration  and  Protection  of  Masonry 

• 

SHOTCRETE  RESTORATION  OF  PIERS,  ABUTMENTS, 

DAMS  and  TUNNELS 


CEMENT  AND  CHEMICAL  PRESSURE  GROUTING 

OF  MASONRY  and  FOUNDATIONS 

• 

ALL  PHASES  OF  PRESSURE 

CONCRETE   CONSTRUCTION   &   WATERPROOFING 


Albany,  N.Y. 


Cleveland,  Ohio  (216)  946-4450 

Winter  Park,  Fla. 
Murray,  Utah  San  Diego,  Calif. 


108 


Membership  by  Roads 


- 


Richmond,   Fredericksburg  &  Potomac    Sacramento  Northern— Tidewater  Southern 
Doggett,  T.  S.  Moser,  C.  A. 


St.  Louis-San  Francisco 


Bryant,  N.  D. 
Bunch,  A.  H. 
Fort,  O.  E. 
Langston,  J.  H. 


Matthews,  H.  A. 
May,  C.  E. 
Nash,  G.  H. 
Nichols,  R.  E. 


Payne,  G.  C. 
Planchon,  I. 
Rankin,  W.  H. 


Ray,  M.  M.,  Jr. 
Richardson,  F.,  Jr. 
Sanderson,  J.  G. 


St.  Louis  Southwestern 
(Incl.  St.  L.  S.  W.  of  T.) 

Alley,  F.  T.  Parker,  W.  V.  (Ret.) 

Lowry,  J.  M.  Patterson,  R.  H. 

McGrew,  B.  H.  Rankin,  R.  C. 

Seaboard  Air  Line 
Beam,  Y.  C.  Hutto,  J.  E. 


St.  Paul  Union  Depot 

(Minn.  Trans.) 

Podas,  N.  F.  (Ret.) 


Bishop,  I.  A. 
Caldwell,  F.  O. 
Conner,  L.  E. 
Eargle,  J.  M. 
Hutcheson,  T.  B. 


Allen,  J.  P. 
Beaver,  J.  F. 
Cary,  N.  M. 
Cothran,  J.  T. 
Cothran,  R.  F. 
DeValle,  J.  W. 
Fondren,  R.  W. 
Fox,  R.  L. 


Alderson,  A.  D. 
Inabinet,  J.  V.  (Ret.)    Gannon,  J.  P. 
Martin,  J.  W. 
Moore,  G.  A. 
Starling,  S.  L. 
Williams,  T.  S. 


Soo  Line 

Krefting,  A.  S. 


Southern 

Hiner,  J.  T  . 
Johnson,  A.  E. 
Jones,  A.  C.  (Ret.) 
Kelly,  J.  R. 
Lee,  R.  W. 
Messman,  D.  V. 
Midkiff,  R.  B. 
Mince,  F.  S. 


(Incl.  G.  S.  &  F.) 

Moore,  H.  R. 
Moser,  C.  L. 
Newlin,  C.  H. 
Packer,  E.  B.,  Jr. 
Rothell,  R.  D. 
Rust,  R.  B.,  Jr. 
Sarris,  P.  T. 
Smith,  E.  L. 


Taylor,  W.  L. 

von  Sprecken,  T.  M. 

(Ret.) 
Walden,  W.  H 
Wall,  R. 
Watkins,  A.  B. 
Watkins,  J.  F. 


(Ret.) 


Southern   Pacific 
(Incl.  N.  W.  P.-P.  E.-S.  D.  &  A.  E.-T.  &  N.  O.) 


Arrington,  R. 
Baker,  F.  A. 
Baymiller,  R.  R. 
Black,  A.  R. 
Blackmore,  J. 
Calhoun,  F.  B. 
Camelle,  E.  J. 
Chisholm,  A.  L.  (NWP) 
Clouette,  H.  F.  (NWP) 
Cobb,  G.  W. 
Crane,  J.  C. 
Davenel,  J.  R. 
David,  J.  J. 
DeWitt,  E.  C. 
Eischenlaub,  C.  M.  (Ret.) 

(SD&AE) 
Frelich,  R.  M. 
Fuller,  T.  L. 
Geer,  W.  R. 
Gibson,  D.  S. 
Gladwin,  F.  E.  (Ret.) 

(NWP) 
Haase,  E.  H. 
Hackett,  C.  A. 
Harman,  W.  C.  (Ret.) 
Hefte.  A.   (NWP) 
Helmle,  C.  E. 
Howard,  W.  A. 


Hunt,  H.  A. 
Hutchens,  J.  W. 
Hutchings,  V.  W.  (Ret.) 
Jackson,  T.  E.  (Ret.) 
Jarratt,  M. 
Jones,  W.  J. 
Littlefield,  R.  I. 
Loggins,  L.  A. 
Long,  W.  R. 
Lynch,  J.  F.,  Jr. 
Lyon,  L.  E. 

McCormick,  K.  L.  (PE) 
Manley,  B.  F.  (Ret.)    (PE) 
Matthews,  W.  L. 
Mince,  G.  R.,  Jr. 
Morgan,  C.  E. 
Mullen,  T.  F. 
Myrind,  T.  A. 
Neal,  C.  E.  (NWP) 
Odgers,  F.  T. 
Orphan,  A.  J. 
Peffly,  J.  E.  (PE) 
Peterson,  E.  A.  (SD&AE) 
Pfeiffer,  A.  (Ret.) 
Phillips,  W.  L  (Ret.) 
Pollock,  J.  K. 
Pool,  R.  M. 


Prober,  H.  W. 
Prude,  G.  F. 
Rainey,  W.  H. 
Reynolds,  M.  L. 
Rintoul,  D.  T.  (Ret.) 
Robinson,  N.  R. 
Safley,  J.  R. 
Sanders,  C.  R. 
Sanders,  G.  A. 
Shafer,  W.  R. 
Shobert,  F.  (Ret.) 
Simmons,  E.  R. 
Smith,  J. 
Stade,  A.  F. 
Stephens,  B.  M. 
Struther,  B.  A. 
Stutes,  S.  A. 
Tardy,  F.  E. 
Tracy,  D.  E. 
Trulove,  T-  D. 
Tucker,  N.  R.  (Ret.) 
Urquides,  E.  L. 
Vandiver,  V.  J. 
Westerman,  C.  J. 
White,  S. 
Whitefield,  P.  V. 
Williamson,  H.  M. 
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N.  D.  ROBERTS  LBR.  CO.,  INC. 

Member  SP1B 

ALEXANDER,  LOUISIANA 

Manufacturing  Dense  Short  Leaf  Yellow  Pine 

Sawmill,  Planing  Mill,  Kilns,  Timber  Sizer 

Located  on  Missouri  Pacific  Railway 

GRAYSON,  LOUISIANA 

14  Years  Experience  in  Cutting  Railroad  Car  and  Bridge  Material 


MORTELL  COMPANY 

PROTECTIVE  COATINGS   SINCE   1895 

for 

Railroad  Maintenance 

BRIDGES,  BUILDINGS,  ROOFS,  TANKS,  TRACK,    SCALES,   AND 

STRUCTURES. 

ASPHALTS.    ALKYDS,    SYNTHETIC    RESINS,    EPOXEES, 

PETROLATUM  BASE,   CAULKING  AND   GLAZING  COMPOUNDS, 

SILICONE,    MASONRY,    TIE    COATINGS. 


General  Office  &  Factory 
Kankakee,  Illinois 


Engineers'  &  Contractors'  Directory 


AGNEW-JOSEPH  COMPANY,  INC. 

GENERAL    CONTRACTORS 

RONCEVERTE,    W.    VA. 

RAILROAD  BRIDGES 

TUNNEL  LININGS 

TRACK  WORK 

P.    O.     DRAWER     310  647-5278 


The  Arundel  Corporation 

Baltimore,  Maryland      21202 

DREDGING 

ENGINEERING  CONSTRUCTION 

SAND  GRAVEL  STONE 

BLAST  FURNACE  SLAG 

READY-MIXED   CONCRETE 


PILE  DRIVING -BRIDGE  BUILDING 

Concrete    •    Steel    •    Timber 

W.   R.   FAIRCHILD   CONSTRUCTION  CO.,  LTD. 

Hattiesburg,   Miss. 

P.    O.    BOX   31  TEL.    584-5426 
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Engineers'  and  Contractors'  Directory  ill 


EDWARD  E.  GILLEN  COMPANY 

Bridges-Docks-Piers-Caissons  and  Pile  Driving  of  all  types. 
218  West  Becher  St.  Milwaukee,  Wis.     53207 


HARRINGTON  &  CORTELYOU 

Consulting  Engineers 

BRIDGES  —  SHOPS  —  FOUNDATIONS 

1004  Baltimore  Ave.  Kansas  City,  Mo. 


MODJESKI  &  MASTERS 

Consulting  Engineers 

Bridges,  Structures  and  Foundations 

900    Sixth    St. 
P.  O.  Box  2345 

Broad-Locust  Bldg.,   Philadelphia,   Pa. 

Harrisburg,  Pa. 

1055  St.   Charles  Ave.,   New  Orleans,  La. 

Building  since  1 893 

S.  1 IIEISEN  (MP1I 

GENERAL    CONTRACTORS 

CHICAGO   22 

Parsons,  Brinckerhoff,   Quade  &  Douglas 

Engineers 
165  Broadway  25   Maiden  Lane 

New  York,  N.  Y.  San  Francisco,  Caif. 
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Membership  by  Roads 


Spokane  International 

Simonson,  E.  F. 

Texas  &.  Pacific 


Spokane,  Portland  & 

Seattle 

Gibson,  W.  P. 


Terminal  Railway, 
Alabama  State  Docks 


Fronabarger,  H.  C. 
(Ret.) 

Toledo,  Peoria 

&  Western 
Patterson,  C.  A. 

Union  Terminal 
Steel,  J.  V.  } 


Billmeyer,  E.  D. 
Dahlberg,  A.  R. 
Derryberry,  J.  T. 


Campbell,  J.  E. 
Carlson,  A.  W. 
Crespo,  M.  J. 


Madden,  E. 


McGuffee,  R.  C,  Jr. 
Texas  City  Terminal        Texas  Mexican 


Gresham,  H.  M. 
Wray,  H.  O.  (Ret.) 

Union   Pacific 


Fairchild,  E.  H. 
Hogel,  E.  C. 

Virginian 
Carter,  J.  W.  (Ret.) 


McMann,  J.  B. 
Schweitzer,  E. 


Mason,  S.  K. 
O'Bryant,  C.  M. 


Stephen,  T.  J. 
Tyler,  W.  R.,  Jr. 


Fritzinger,  G.  F. 
Huntsman,  F.  C. 
(Ret.) 

Western  Maryland 

Diehl,  C.  M.  Etchison,  F.  L. 

Edlund,  M.  L.  George,  S.  W. 

Western    Pacific 

Elliott,  C.  E.  Hutchinson,  D.  G. 

Foreseth,  C.  E.  (Ret.)    Moser,  C.  A. 
Howard,  J.  G.  Nordstrom,  R.  D. 

OTHER      AFFILIATIONS 


Wabash 

Rothwell,  G.  F. 


Gunderson,  R.  R. 
Phillips,  L. 


Sullivan,  P. 
Switzer,  G. 
Woolford,  F.  R. 


Burpee,  C.  M.,  American  Wood  Preservers  Institute 
Dick,  M.  H.,  Railway  Track  &  Structures 
Dove,  R.  E.,  Railway  Track  &  Structures 
Duff ie,  F.  J.  ( Ret. ) ,  Oxweld  R.  R.  Dept.,  Linde  Co. 
Flanagan,  L.  ( Ret. ) ,  Valspar  Corporation 
Gehrke,  E.  G.,  American  Railway  Engineering  Association 
Hodgkins,  E.  W.,  Jr.,  American  Railway  Engineering  Association 
Howard,  N.  D.  ( Ret. ) ,  American  Railway  Engineering  Association 
Johnson,  R.  W.,  Association  of  American  Railroads 
Lacher,  W.  S.  (Ret.),  American  Railway  Engineering  Association 
Luther,  L.  A.  ( Ret. ) ,  Ingersoll  Rand  Co. 
McDaniel,  W.  L.  (Ret.),  Martin  Marietta  Company 
Myers,  E.  T.,  Modern  Railroads 
Smith,  A.  C,  Ralph  Whitehead  &  Associates 
Truss,  F.  W.  (Ret.),  Metal  Prod.  Div.,  Armco  Drainage  &  Metal 
Prod.,  Inc. 


Engineers'  and  Contractors'  Directory 
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RAILWAY  TECHNIQUES,  INC. 


JOHN   E.  SCROGGS,   PRES. 


Consultants 

3316  Broadway 


Suppliers 

Kansas   City,   Mo.   64111 


Engineers-General  Contractors 

TIDEWATER  CONSTRICTION 


Norfolk,  Virginia 


A.  W.   WILLIAMS  INSPECTION  CO.,  INC. 

Inspection  of  Timber  Products 
P.  O.  Box  314  Mobile,  Alabama 


ASSOCIATION  OF  TRACK  AND  STRUCTURE 

SUPPLIERS 


Achuff  Railway  Supply  Co. 
Addressograph-Multigraph   Corp. 
Aeroquip   Corporation 
Amchem    Products,    Inc. 
American  Brake  Shoe  Co. 
American  Concrete   Crosstie  Corp. 
American  Hoist  &  Derrick  Co. 
American  Railway  Supply  Co. 
Austin-Western  Const.   Equip.   Div. 
Automated  Building  Components 

Bernuth,   Lembcke  Co.,   Inc. 
Rinks    Manufacturing   Co. 
Bird  Tie  Pads,  Inc. 
R.  H.  Bogle  Co. 
Bondarc   Corporation 
Buck    Equipment   Co. 
Buckeye  Iron  &   Brass  "Works 

Canada  Iron  Foundries  Ltd.,  Tamper  Div. 

Carter-Wat°rs  Corp. 

Caterpillar  Tractor  Co. 

Chicago  Pneumatic  Tool  Co. 

Ohipman  Chemical  Co.,  Inc. 

Cleveland   Frog  &   Crossing  Co. 

Colorado  Fuel   &   Iron   Corp. 

Conley  Froe  &  Switch  Co. 

W.  T.  Cox  Co..  Inc. 

Cullen-Friestedt   Co. 

Dearborn  Chemical  Co. 

Dow  Chemical    Co.     The 

Duff-Norton    Co.,    The 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 

Du-Wel  Steel  Products  Co. 

Fairmont  Railway   Motors,   Inc. 
Foundation  Equipment  Corp. 

Geigy  Agricultural  Chemicals 
General   Chemical  Division,  Allied 

Chemical  Corp. 
Goodyear  Tire  <t   Rubber  Co. 
Gorman-Runp   Co.,   The 
Gray  Company,  Inc. 
Grimes  Manufacturing  Co. 

Br  ice  Hayes  Co..  The 

Hayes  Track  Appliance  Co. 

Fred  W.  Holstein  Co. 

Homelite,  Division  of  Textron,  Inc. 

Ingersoll  Rand   Co. 

International  Car  Div.   of  Morrison 

International  Corp. 
International  Harvester  Co. 

Const.  Equip.  Div. 

Jackson  Vibrators,   Inc. 
Johnson  Rubber  Co. 
O.    F.    Jordan    Co. 


Kalamazoo  Manufacturing  Co. 

Kasle   Steel  Corp. 

Kershaw  Manufacturing  Co. 

Kohler  Co. 

Koppers  Co.,  Inc.,  Wood  Pres.  Div. 


LFM   Mfg.   Go.,   Inc.,   The 

Lehon  Co.,   Division  of  Phillip  Carey 

Manufacturing   Co. 
LeRoi  Div.  —  Westinghouse  Air  Brake  Co. 
Lewis  Bolt  &  Nut  Co. 
Linde   Division.   Union   Carbide   Corp. 
Link-Belt  Speeder  Corp. 


Matisa  Equipment  Corp. 

Metal   Products  Div.,   Armco  Steel  Corp. 

L.  W.  Meyer  &  Son,  Inc. 

Mid-West  Forging  &  Mfg  .Co. 

Midwest   Steel   Corp. 

Minnesota  Mining  &   Mfg.   Co. 

Mississippi   Supply   Co. 

MKT  Corp. 

Modern   Railroads 

Modern    Supply   Co. 

Monroe   Engineering  Co. 

Moore  &   Steele  Corp. 

Morrison    Railway   Supply   Corp. 

Motorola  Communications  &  Electronics,  Inc. 

Nalco  Chemical  Co. 

National   Cylinder  Gas,   Div.   of 

Chemetron  Corp. 
National  Lock  Washer  Co.,  The 
Nolan   Co.,   The 
Nordberg  Manufacturing  Co. 

Ohio  Locomotive  <Sr   Crane 

Permacrete  Products  Corp. 

Permali,  Inc. 

Pettibone  Mulliken  Corp. 

Plasser    Railway    Maintenance    Corp. 

Pocket  List  of  Railroad  Officials,  The 

Poor  &  Co.,   Railway   Products  Division 

Canton  Forge  &  Axle  Works 

Meco 

P  &  M 

Peerless    Products 

Rail   Joint   Products 

Racine  Hydraulics  &  Machinery,  Inc. 

Railroad   Accessories   Corporation 

Railroad  Products  Division,  Evinrude  Motors 

Railroad  Rubber  Products,  Inc. 

Rails   Company,   The 

Railway   Ballast  Conditioning  Corp. 

Pa'lway  Maintenance  Corp. 

Railway   Progress  Institute 

Railway  Track-work  Co. 

Remington  Arms  Co.,   Inc. 

Sauganash  Sales  &  Service 

Schield-Bantam    Co. 

Schramm,   Inc. 

Scope,    Inc. 

Selma  Trailer  &  Manufacturing  Co. 

Simmons-Boardman  Publishing  Corp. 

Solo  Industries,  Inc. 

Frank  Speno  Ballast  Cleaning  Co.,  Inc. 

Sperry  Rail  Service 

Spray  Products  Corp. 

Technibilt  Corp. 
Tele-weld,    Inc. 
Templeton,   Kenly  &  Co. 
Thermex   Metallurgical,    Inc. 
Three   Dimensions 
Track   Specialties   Co.,    Inc. 
Transportation    Products   Company 
True  Temper  Corp. 

Unit  Rail  Anchor  Corp. 

U.  S.  Borax  &  Chemical  Corp. 

Vulcan    Materials    Co. 

Warner  &   Swasey  Co. 
Western    Industries,    Inc. 
White    Manufacturing   Co. 
Wisconsin  Motor  Corp. 
Woodings- Verona   Tool   Works 
Woolery  Machine  Co. 


Mannix   International,   Inc. 


Youngstown  Sheet  &  Tube  Co.,  The 
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Cape  Cod  Canal  Bridge,  Buzzards  Bay,  Mass.  . . .  1935 


Excellent  performance 
for  29  years...  on 
Torrington  Bearings 

And  there's  a  long  life  expectancy 
still  remaining  in  the  Torrington  main 
sheave  bearings  now  in  service  on  the 
Cape  Cod  Canal  Bridge. 

Torrington's  long  experience  in  the 
highly  specialized  field  of  bridge  bear- 
ings has  resulted  in  economy  and  pre- 
cise control  for  a  number  of  other 
applications  that  include  single  and 
double  bascule,  retractable  and  float- 
ing spans.  LetaTorrington  bearing 
specialist  show  you  how  the  operation 
of  a  movable  span  can  be  improved 
through  the  use  of  antifriction  bear- 
ings-Torrington  Radial  Roller  Bearings 
-known  the  world  over. 

THE  TORRINGTON  COMPANY 

SOUTH    BEND,  INDIANA46621 
TORRINGTON,  CONNECTICUT  06791 

District  Offices  and  Distributors  in  Principal  Cities 
of  United  States  and  Canada 


Prominent  Bridges  Equipped  With 
TORRINGTON  BEARINGS 

Willow  Avenue  Bridge 

Cleveland,  Ohio 1964 

Ohio  Street  Bridge 

Buffalo,  N.Y 1961 

Arthur  Kill  Bridge 

Staten  Island,  N.Y 1959 

Wabash  R.  R.  Bridge 

Valley  City,  III 1959 

Turtle  River  Bridge 

Brunswick,  Ga 1956 

South  Park  Avenue  Bridge 

Buffalo,  N.Y 1955 

McNary  Dam-Navigational 

Lock  Bridge,  Columbia  River.  .  1950 
North  State  Street  Bridge 

Chicago,  III 1949 

The  Canal  Street  Bridge 

Chicago,  III 1948 

San  Joaquin  River  Bridge- 

Mossdale,  Calif 1948 

The  Commodore  SchuylerF.  Heim 

Bridge,  Los  Angeles,  Calif.  .  .  .  1947 
Lake  Washington  Floating  Bridge 

Seattle,  Wash 1940 

Lewiston-Clarkston  Bridge 

Washington-Idaho  Border  .  .  .  1939 
Torrence  Avenue  Bridge 

Chicago,  III 1936 

Cape  Cod  Canal  Bridge 

Buzzards  Bay,  Mass 1935 


